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PREFACE. 



This Natural Philosophy has been written for a text-book 
for classes that have no further acquaintance with the 
Mathematics than simple equations and the properties of 
the square and the parallelogram. It is the result of many 
years experience in teaching the subject, and the author 
has tried to present the principles and discussions in such 
a form as to be readily comprehended by the student. His 
experience has been that in the use of many text-books 
upon this subject, a large part of the teacher's time is em- 
ployed in explaining the language of the text to the pupils, 
since not only are the ideas of the science new to them, 
but these ideas are so expressed that the very words are 
met for the first time. 

Recollecting that most students begin their acquaintance 
with the vast field of Natural Science with this branch, 
an effort has been made to use familiar language, as far as 
possible, so avoiding too great a transition in their work. 
The love of science should be developed from the outset. 
The definitions, especially, have been prepared with an eye 
to brevity and perspicuity. 

Since the principles and laws of this science are deduced 
from experiments, the usual order pursued in the following 
pages has been to describe the apparatus used and the ex- 
periments performed before introducing the laws which 
result from them. This aids in teaching the student to 
observe and experiment for himself. 

Problems illustrating and appljdng the principles have 
been introduced throughout Mechanics, and to some extent 
under the Undulatory Forces, and these have been given 
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both in the metric system and in the common system of 
weights and measures. They usually refer to the section 
where the principle upon which the solution depends is 
discussed. It is hoped that teachers will add to these in 
such a way as to develope the habit of applying the priii- 
ciples to surrounding phenomena. 

The forces which act upon bodies as wholes have been 
treated first because most pupils pass more readily tp the 
phenomena of undulations after they have become familiar 
with the former. So too, the Undulatory Forces are dis- 
cussed as a whole of which Light, Heat, and Electricity 
make a part. This seems to render the idea of conserva- 
tion less difficult to grasp. 

The author desires to express his obligations to Prof. 
George C. Merrill, Peabody Instructor in the Natural Sci- 
ences at Phillips Academy, Andover, Mass., for his kindness 
in reading the manuscript, and for his valuable suggestions. 
The various pieces of Apparatus required for full illustra- 
tration can be found with Messrs. E. S. Ritchie & Sons, 
Boston, Mass., who kindly allowed the use of a large 
number of their cuts in making the plates. Special atten- 
tion is invited to the methods of illustrating wave motion. 

For a more complete discussion of the subjects, the stu- 
dent is referred tl) such works as Deschanel's Natural Phi- 
losophy; Atkinson's Ganot's Physics; Pynchon's Chemical 
, Forces; Cooke's Chemical Physics; Tyndall's Heat a Mode 
of Motion, and On Sound ; Noad's Text-Book of Electric- 
ity, and Tait's Recent Advances in Physical Science. 

Lake Forest, III., Jan. 1881, 
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INTKODUCTION/ 



CHAPTEE I. 

GENERAL PRINCIPLES. 

1. Physics treats of matter and the forces,that act upon 
matter without changing its nature. Forces that produce 
a change in its nature are considered in Chemistry, 

2. Matter is anything that occupies space. It reveals 
its existence and properties by affecting our senses. A 
separate portion of matter is termed a body. Investigations 
in Physics determine the properties of bodies, and thfen 
reasoning extends these results to all matter. 

3. Atoms and Molecnles. Bodies are made up of small 
masses called molecules. These do not touch each other, 
at least on all parts of their surface, and are constantly in 
motion. Their size and shape are unknown, though some 
consider them spherical, and others ring shaped; but no 
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molecule can b^ 'diyided without changing the nature of 
Che body. JSJjji^&^'^res themselves are made up of atoms. 
An atom ig».a.jJortion of matter that cannot be divided. 
The diS^hi&e between an atom and a molecule is that an 
atoqi can. Contain but one elementary substance, while a 
molecule is a collection of atoms, and may contain several 

\Wi. A body that is not known to contain more than one 
••..kind of matter is called an element. The number of ele- 
ments at present recognized is sixty-six. Most of these 
are rare, and known only to the Chemist, while some eight 
or ten make up the principal portion of the earth, at least 
to the depth to which men have been able to penetrate. 

6. Force. Whatever produces, or tends to produce mo- 
tion, is called a force. When applied to the exterior of 
bodies so as to act upon them as single masses, forces 
produce change of position, and are called external forces. 
When they act between the molecules of a body, they are 
molecular forces and determine the three states of matter. 

6. The three states of matter.* Two opposing forces, 
or sets of forces, act upon the molecules of all bodies, an 
attractive and a repellent. The first tends to bring the 
molecules nearer to each other, and acting alone, would 
bring them all into contact; the second tends to separate 
them, and unopposed would remove them to an infinite 
distance from each other. Heat is the principal, perhaps 
the only repellent force. According to the relative strength 
of these two forces, matter may take either of three states, 
Solid, Liquid^ or Gaseous, 

7. A Solid retains its molecules in the same relative 
position; as ice, granite, iron. Solids retain their shape 
permanently, and offer considerable opposition to any 

*iBecent experimentB made by Prof. Grookes seem to indicate a fourth state, 
named by him Badiant. These investigations require further confirmation. 
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attemptt to modify their form. In them, the force of at- 
traction much exceeds repulsion. 

8. A Liqnid takes the form of any containing vessel, 
and a very slight external force may change the relative 
position of its molecules; as water, mercury, or melted 
iron. The two forces are nearly balanced, the attractive 
slightly exceeding the repellent, as is shown by the spher- 
ical form of small masses, as rain drops. 

9. A Gas constantly struggles to occupy a greater vol- 
ume. The repellent force exceeds the attractive, and sends 
the molecules from each other in straight lines until stopped 
by some external force; as steam, air, or vapor of iron. 
The molecules of a gas constantly move with inconceivable 
rapidity, and hence any gas will expand and fill the entire 
volume of a containing vessel. 

10. All elementary substances, and those compounds 
which are not decomposed at too low a temperature, can 
be made to take either of these states at will, by varying 
the amount of heat acting upon them. Water is a familiar 
example. At the temperature of 0°, it is a solid, ice.* 
Heated, it becomes a liquid. Heat the liquid to 100°, and 
it becomes an invisible gas. 

11. A Phenomenon is any change in a body either ex- 
ternal or molecular: as the fall of an apple, the swinging 
of a string and attached weight, or the boiling of water. 

12. A Physical Law is the relation between a phenom- 
enon and its cause, and it also applies to similar phenomena. 
Thus the relation between the fall of a stone and the force 
which made it fall, is called the law of gravitation. 

13. A Theory is the collection of all the laws relating 
to a single subject into one truthful whole; as the theory 

^he Centigrade scale is used in this work. 
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of light. It must correctly explain all possible phenomena 
belonging to that subject. Until it is proved to do this, 
it is merely an hypothesis^ though often called a theory, 

14. Indestractibillty. Careful experiments with the 
balance have proved that the application of the various 
forces can cause matter to change its form, biit can neither 
increase nor diminish its amount. Thus ice may melt, 
and the resulting water boil, but the weight of the steam 
produced is the same as that of the water or, ice. So too, 
if it be decomposed into its constituents, oxygen and 
hydrogen, the weight of the gases will equal that of the 
water. In like manner, the form of the various forces can 
be changed. Heat can take the place of the motion of a 
falling body, or the reverse, but the total amount of energy 
will remain the same. So neither force nor matter can be 
changed in amount, except by the Creator. 



CHAPTEE n. 

PROPERTIES OF MATTER. 

15. Bodies produce various effects upon our senses de- 
pending upon the substances of which they are composed. 
The causes which produce these various effects are termed 
the Properties of Matter. They are of two kinds. Univer- 
sal^ that is belonging to all matter; and Specific^ belonging 
only to certain bodies. Thus a block of wood, a glass of 
water, and a rubber ball, all occupy a definite portion x)f 
space, and can be moved in space, universal properties; but 
their color and taste differ, specific properties. 

Section I. — ^Universal Properties. 

16. The Universal Properties of matter are Extension, 
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Impenetrability, Inertia, Divisibility, Porosity, Compressi- 
bility, Elasticity and Mobility. The first three are essential 
to our idea of matter. 

17. Extension is the property of occupying space. 
Every body occupies a limited portion, and hence has 
three dimensions — length, breadth and thickness. The 
surface is the outside of a body, and every body has a cer- 
tain definite form or figure. Its volume is the amount of 
space it occupies. The extent of surface belonging to a 
body depends upon the form and volume. 

18. Extension is measured in terms of some arbitrary 
standard. That in common use is the yard^ but in all 
philosophical calculations, and in many of those of common 
life, the ten-millionth part of a quadrant of the arc of a 
meridian of the earth is adopted and called a metre.* This 
is divided and subdivided into tenths, hundredths, etc. 
The unit of surface is the square of the unit of length, 
and the unit of space is its cube. The unit of weight 
is a cubic centimetre of distilled water, at the temperature 
of 4^, and is called a gramme. These units should be 
carefully remembered, and with them the unit of time, one 
second. 

19. Impenetrability is the property of matter which 
prevents two portions from occupjdng the same space at 
the same time. 

20. The impenetrability of solids demands no proof. Apparent 
exceptions, as driving a nail into wood, result from the displace- 
ment of the molecules. The impenetrability of liquids is shown 
by placing a solid in a vessel fiUed to the brim with water : some 
of the water is displaced. An inverted glass vessel thrust into 
water shows the impenetrability of gases, as the water does not 
rise to fill the vessel. 



* A mistake was made in the measurement of this quadrant, hence the 
metre is only an approximation. 
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21. Inertia keeps a body in its present state, whether of 
rest or of motion. It is a purely negative property, and 
because of it, any change in position or state must be 
caused by the application of some external force. Thus a 
ball of lead at rest in the hand does not fall, when the 
hand is removed, because of any inherent property, but be- 
cause of the force of the earth's attraction. 

22» The inertia stand, Figure 1, furnishes a convenient means 

of proving the property. A card is 

^^^ Q placed upon a piUar of wood, and a ball 

/^^\ ^w balanced upon the card exactly above the 

^tKk^ \ I pillar. By means of a spring, a smart 

^r 4 I blow is struck' upon the card, driving it 

II W L out, while the inertia of the baU prevents 

*™BWI1MBBI that from moving. So suddenly moving 

^^' ^* a stick which has a drop of water upon 

one end, leaves the drop of water behind, and proves the inertia 

of liquids; while fanning shows the inertia of gases. 

23. Applications. Many common phenomena are due to 
inertia. In throwing a ball, the hand gives motion to the 
ball, and its inertia carries it forward after leaving the 
hand. A person runs a short distance before leaping a 
ditch, that the inertia of the body may assist the muscles. 
The athlete will place an anvil upon his chest and allow a 
heavy blow to be struck upon it, because the inertia of the 
anvil distributes the force of the blow before it reaches the 
chest. In leaping from a moving carriage or railway car, 
the motion of the feet is suddenly stopped, while the 
inertia of the body carries it forward. Railway accidents 
are due to inertia. The engine is suddenly stopped, 
while the inertia of the cars drives them forward, crushing 
one into another. The inertia of a moving hammer ena- 
bles it to overcome the friction of the nail against the 
wood. Pestles, stamps, and fly wheels are other applica- 
tions of inertia. 

24. Newton's First Law of Motion results from inertia* 
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It may be thus expressed: "If a body be at rest, it will 
remain at rest; if it be in motion, it will continue to move 
in the same direction and with the same velocity." 

25. Divisibility is the property which allows a body to 
be separated into parts. By mechanical and chemical 
operations, this division and subdivision may be continued 
until the ultimate atoms are reached. But when the mol- 
ecules are separated into their constituent elements, the 
nature of the body is changed. The means of mechanical 
division at our command are so imperfect as to fail long 
before the molecules are reached. 

26. Numerous examples of the extreme divisibility of 
matter may be given. Gold can be beaten so thin that 
more than five hundred leaves are required to equal a cen- 
timetre in thickness. The gilt wire used in embroidery 
has a thickness of gold of about an eight-thousandth of a 
millimetre. Yet this can be cut into lengths no greater 
than the thickness, and each piece be seen by the aid of a 
microscope. The diameter of human blood discs does hot 
much exceed the tenth of a millimetre. Dissolve a bit of 
aniline red not larger than the head of a pin in 10 c. c. of 
alcohol, and a single drop placed in a litre of water will 
color the whole perceptibly. A grain of musk placed in a 
room will diffuse a marked odor for years without losing 
weight ap'^reciably. 

27. Porosity is the property in virtue of which spaces 
exist between the molecules of a body. The spaces are 
called pores. They are of two kinds, physical and sensible. 

28. Physical Pores are spaces between the molecules so 
small that molecular forces act the same as though they 
did not exist. All bodies contain such pores. They reveal 
their existence in most bodies by the fact that the bodies 
contract with the loss of heat. If the molecules touched 
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each other, and pores were absent, contraction would be 
impossible. Liquids show their porosity by dissolving 
solids, as sugar in water, without increasing the volume of 
the liquid. So too, many liquids can be mixed, as water 
and alcohol, and the mixture occupies less space than the 
sum of the separate liquids. Gases are so porous that if a 
vessel be filled with one gas, another may be placed in the 
vessel the same as though the first was not there. Even 
bodies that do not readily show their pores can be expanded 
by heat, and since this force cannot change the size of the 
atoms, it increases their distance from each other. 

29. Sensible Fores are openings in bodies that appear 
to the eye. Thus the vacant places in a sponge, where the 
water moved in life, are sensible pores. So are the places 
in wood where the sap moved. 

30. Compressibility is the property which allows bodies 
to be diminished in volume by the application of external 
force. It is the direct result of porosity. All bodies are 
compressible to a certain* extent. Gases are the most, and 
liquids the least compressible in proportion to the force 
exerted. With moderate pressures, gases lose volume very 
rapidly, and the diminution of volume can continue until 
they take the liquid state. Liquids were formerly regarded 
as incompressible, but the piezometer* clearly proves that 
they are slightly compressible. The compressibility of 
solids varies very much. Cloth, paper, cotton and wood 
are among the most compressible. Metals are quite com- 
pressible. But there is a limit beyond which the increase 
of pressure reduces the body to a powder. 

31. Elasticity causes bodies to resume their original 
form when a distorting force has been removed. Were 
the elasticity perfect, bodies would exactly regain their 

*See Section 21X 
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original form. Since in gases the repulsive force is stronger 
than the attractive, their elasticity has no limit. Liquids 
also appear to be perfectly elastic. But no known solid is. 
Though all solids show the property to a certain extent, 
no one ever exactly regains its original form. After a 
short time, batting the ball destroys its spherical shape. 
Glass, ivory, iron and ice are among the most elastic solids. 

32. Elasticity may be developed by compression, by 
traction or pulling, by flexion or bending, or by torsion 
or twisting. The first belongs to all states of matter, the 
others only to solids. 

33. Mobility is the property which allows a body to 
change its position in space. Rest and motion are both 
absolute and relative. Absolute rest is continuance in the 
same point of space, and is unknown in nature. Relative 
rest is continuance in the same position in relation to sur- . 
rounding objects, as a b<ook placed upon the table is at rest 
in relation to the objects of the room, though all are sub- 
ject to the common motion of the earth. So the passenger 
sitting in the railway car is at rest in regard to the train 
though moving rapidly forward. 

34. Absolnte Motion is motion in regard to some fixed 
point: relative^ An regard to moving objects. A person 
sitting in a boat is at rest in relation to the boat, but in 
motion in relation to the neighboring shore: but if he were 
to walk toward the stern at the same rate that the boat 
moves forward, he would be in motion in relation to the 
boat, but at rest in relation to the shore. 

Sectiok II. — Specifio Properties. 

35. The most important specific properties of matter are 
Hardness, Tenacity, Ductility, Brittleness, Malleability, 
Transparency, and Color, Taste and Odor. 
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86. Hardness is the property which causes a body to 
resist a scratch upon its surface. Bodies are hard or soft 
in comparison one with another, the harder being the one 
which will scratch the other. On this basis, a scale of 
hardness has been formed with the diamond at one end. 
(See Table I.*) 

87. Tenacity is the property which resists a force acting 
in the direction of the length of a body to separate its 
molecules. Its strength has been determined in many 
substances, by making cylinders of them and finding the 
weight required to break them. It is proportional to the 
breaking weight, and also to the transverse section. In 
bodies whose texture varies in diiferent directions, the 
tenacity is greatest in the direction of the fibres. 

88. Ductility is the property which allows a body to be 
drawn into a wire. Soft bodies require little force to pro- 
duce this change; the resins and glass need to be heated, 
when they can be spun into fine threads; metals, as iron 
and copper, require the draw plate. The tenacity of the 
more ductile metals is increased by drawing them into 
wires, because the fibres are then placed in the same direc- 
tion, and a transverse strain is impossible. Platinum is 
the most ductile metal. 

89. Malleability allows metals to be rolled or hammered 
into thin plates. Gold is the most malleable under the 
hammer and may be beaten into leaves not exceeding one- 
fiftieth of a millimetre in thickness. 

40. Brittleness renders a body capable of being easily 
pulverized. It is usually connected with hardness, and the 
brittleness of a body usually increases as the hardness, but 
not always. Tempering, the sudden cooling of a heated 
solid, generally increases both the elasticity and the brit- 

*Eiid of the Volume. 
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tleness. Thus hardened steel is much more elastic than 
that which has not been tempered, but it is at the same 
time more brittle. 

41. Transparency is the property which allows light or 
heat to pass through a body.* No substance allows all 
the force to pass, but bodies of different substances, and of 
the same thickness, vary mucK Thus light will readily 
pass through glass of considerable thickness, but a very 
thin plate of iron will intercept it entirely. So with heat, 
but the substances which intercept heat are not the same 
as those which intercept light. Thus rock salt will trans- 
mit more heat than any other substance, and a solution of 
iodine stands next to it. But salt will allow light to pass 
nearly as well as the heat, while the solution of iodine is 
opaque. 

42. Color^ Taste and Odor are the properties possessed 
by bodies of exciting the corresponding sensations when 
brought in contact with the appropriate nerves. Though 
the manner in which the sensations arise cannot be ex- 
plained, each body certainly possesses some property which 
is peculiarly its own, and gives rise to its appropriate sen- 
sation, whether of color, taste, or smell. 



CHAPTER III. 
ATTRACTION. 



43. Attraction is the force which tends to diminish the 
distance between bodies. When it acts between molecules, 
it is molecular attraction; when between masses as wholes. 



*Bodles which allow heat to pass readily are called Diathermanons. The 
property seems to be identical with Transparency beoaase of the identity of 
light and heat. 
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it is termed gravitation. Electricity as an attractive f orcb 
acts bj polarization of the molecules. 

SbCTIOI^ I. — MOLBCULAB ATTRACTION. 

44. Cohesion is the attraction between molecules of the 
same substance. It varies, I, according to the state of 
the body, since heat opposes it. Hence it is strongest in 
solids, weaker in liquids, and is entirely overcome in gases. 
It varies, II, according to the nature of the body, being 
usually strongest in those which are the most dense, but 
not invariably. It varies. III, according to the arrangement 
of the molecules. Thus, moderately tempering steel makes 
it stronger; and generally cohesion is much greater in the 
direction of the fibers than in any other direction. Hence 
the ductile metals are much strengthened by drawing them 
out into wires. 

45. The special properties of solids result from cohesion. 
Several of these have been already mentioned.* Elasticity 
of Traction, Torsion, and Flexion remain to be treated. 

46. Elasticity of Traction. When a rod or wire is 
stretched, the force which it exerts in opposition to the 
stretching is the Elasticity of Traction. Each substance 
has a limit beyond which it gradually yields to the force, 
the molecules take new positions, and the body is finally 
separated. 

47. When the limit is not exceeded, the elasticity is 
governed by the following laws: 

I. Bods and wires resume their original length when the 
force of traction is removed, 

II. The elongation is proportional to theforce^ and to the 
length of the body. 

*Bee Properties of Matter, Section 16. 
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III. In bodies of the same substance and length, the elan^ 
gation is inversely proportional to the area of a cross sectioni. 

48. Elasticity of Torsion. A heavy weight supported 
by a rod or wire, comes to rest in a certain position. If 
now it be twisted, the force applied is called the force of 
torsion; the distance it is moved, the angle of torsion; and 
the resistance offered, the elasticity of torsion. 

Coulomb's Torsion Balance, Figure 2, 
shows Elasticity of Torsion. A is the 
point of support, B the weight with an 
attached index, and C D a graduated cir- 
cle to show the angle, placed a little below 
the weight B. When the weight B is 
twisted by any force, and the force re- 
moved, the elaisticity of A B brings the 
index back to its original position. But 
its inertia carries it just as far to the 
other side, when the elasticity again 
stops it, to repeat the oscillation. 

Were the elasticity perfect, all the 
oscillations would be equal; but in 
fact, the angle constantly diminishes, 
and after a short time the body comes 
to rest. ' 

Flff 2. 

The laws governing the oscillations 
determined by the apparatus are: 

I. The times of the oscillations are eqtml. 

II. The angle of torsion is proportional to the force em^ 
ployed, 

III. With the same force^ the angle of torsion is propor- 
tional to the length of the sustaining wire or rod. 

IV. The angle is inversely proportional to thje fourth pow- 
ers of the diameters. 
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49. Elasticity of Flexure. The resistance which a body 
oflfers to bending is termed Elasticity of Flexure. This is 
of great practical value, and is employed in carriage 
springs, bows, watch springs, etc. It is increased by hard- 
ening or tempering, as in steel, and is diminished by an- 
nealing. 

50. Hardening a metal generally consists in heating the 
body and cooling it suddenly. It usually increases the 
elasticity, and at the same time renders the body more 
brittle. Copper, however, is softened by the same process. 
Annealing is the reverse of hardening, and consists in heat- 
ing a body and cooling it slowly. 

51. The Cohesion of Liquids is shown by the spherical 
form of small drops. In large masses, the weight over- 
comes the cohesion, and the liquid assumes the shape of 
any containing vessel. 

ft 

52. Cohesion once overcome can not usually be renewed. 
Some solids, however, can be welded, a process which con- 
sists in heating the body, usually with a flux, nearly to its 
melting point and hammering the molecules into contact. 

53. Adhesion is the attraction between molecules of dif- 
ferent substances. Usually it is less intense than cohesion, 
but not always. 

54. L Adhesion between Solids. When a solid is brought 
in contact with another of different material, and no air 
intervenes, the molecules attract each other. They fre- 
quently hold together with a force equal to that exerted 
between molecules of the same substance. Thus glue be- 
tween two pieces of wood holds them by adhesion, and the 
wood breaks before it separates from the glue. 

65» Friction results partly from the adhesion of solids 
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to solids, and partly from the roughness of the surfaces of 
all solids. It is of two kinds, Sliding Friction^ and Boiling 
Friction, 

56. Sliding Friction is the resistance to the motion of 
one solid over another in opposition to adhesion and to 
the roughness of the surface. The latter compels the 
upper body to move away a distance equal to the largest 
prominences upon the surfaces. 

57. Thus if a smooth block G, 
Fig. 3y be moved over the table D E, 
the block adheres to the table, and 
is raised a little from its surface. By 
means of this apparatus, the fol- 
lowing laws of sliding friction have 
been determined: 

I. Friction at starting is 
Fig. 3, greater than between the same 

bodies in motion, and it increases 
with the length of time the bodies have been in contact, until 
they have been so about fifteen days. 

II. The friction is proportional to the pressure. 

III. The friction is independent of the extent of surface 
in contact, and of the velocity. 

IV. The friction is greater between surfaces of the same 
materials than between different stibstances. 

58. Boiling Friction is the friction of a body when 
rolling along another. It is generally much less than 
sliding friction. Hence whenever possible, sliding friction 
is changed by wheels to rolling. Both are diminished by 
using lubricants, as oil, since these partially fill up the 
roughnesses of the surfaces in contact. 
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59. n. Adhesion of Solids and Liquids is seen by 
the wetting of the hand when plunged into water. Its 
power may be determined by the following experinjjents, 
Fig. 4: 

Suspend a glass or metal plate 
from one arm of a balance, and 
place sufficient weights in the 
pan on the other arm to balance 
the plate. Now bring the un- 
der surface of the plate into 
contact with water. Several 
grammes wiU be required to 
remove it, and when separated, 
Fig. 4. the under surface of the plate 

is wet. So the weights added become the measure of the cohe- 
sion of the water, while the adhesion of the plate to the water is 
greater. 

Capillarity results from the adhesion of solids and li- 
quids: but from its importance, it is treated as a separate 
topic. 

60. III. Adhesion of Solids to Oases is shown by the 
bubbled of air that quickly appear when a smooth metallic 
plate is plunged into a vessel of water. Its power is con- 
siderable, and it is difficult to put two substances together 
so closely that a film of air shall not intervene. Hence 
when bodies are glued, after putting on the glue, pressure 
is applied that the air may be forced out. This is the prin- 
cipal reason why cohesion can so rarely be renewed when 
once overcome. 

61. lY. Adhesion of liquids to Liquids is shown by 
diffusion. If two difiEerent liquids whose adhesion for 
each other equals or exceeds the cohesion, are placed in a 
vessel together, after a time determined by the strength of 
adhesion, they are found equally mixed. 
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Fig. 6. 



Thus if a vessel of water, A B, Fig. 5, col- 
ored bine by a little litmus, be taken, and some 
sulphuric acid, which is nearly twice as heavy 
as water, be poured into the bottom by means 
of the thistle tube G, in a short time the water 
turns red. This shows that the acid has risen, 
or diffused, through the lighter water. 

62. T. Adhesion of Liquids and Oases 

is shown by the solution of gases in 
water. Thus, if a vessel of water that 
has been exposed to the air be heated, bubbles of air are 
seen rising to the surface. These were previously in solu- 
tion. 

63. Solution, whether of solids, liquids or gases, results 
from adhesion. Water is the usual solvent, and frequently 
dissolves salts without increase of volume, because the dis- 
solved substance occupies the pores. Solution is usually 
attended by change of temperature, the solution becoming 
colder than the water. Thus sugar and common salt are 
dissolved by water. 

64. Capillarity. The change of level when a solid is 
placed in a liquid is called Capillarity^ because the phe- 
nomenon is best exhibited by very fine tubes. It presents 
two distinct cases; when the liquid is capable of wetting 
the solid, and when it is not. The first is Capillary Attrao^ 
tion: the second, Capillary Repulsion. 



C 
A 



\ 



65. Capillary Attraction. If a 

a plate of glass G, Figure 6, is 

plunged into a vessel of water 

-"^■■•B A B, the water rises on tihe sides 

of the plate and forms a curve. 

Pig.6. The rise of the liquid is 

caused by the attraction between its molecules and those of 
N. p. a. 



y 
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the solid, and it is a case of adhesion of a liquid to a solid. 
The height to which the liquid will rise depends upon the 
nature of the substance, and in every case where the cohe- 
sion of the liquid is not overcome, is such that the weight 
of the liquid raised above the level equals the attraction of 
the solid for the liquid. 




Fig. 7. 



It a second plate of the 
same substance, Fig. 7, is placed 
in the liquid, the liquid wiU 
rise around that in the same 
way as around the first. If the 
two plates are brought so near 
that each attracts some of the 
molecules raised by the other, 
the liquid wiU rise higher be- 



tween them, and the upper surlace of the liquid wiU be concave. 



67. Capillary Repulsion. If a 

glass plate F, Fig. 8, be placed 
in a liquid whose cohesion is 
T greater than the attraction of 
the glass, e. g,, mercury, the 
liquid wiU be depressed. 



"\ 



y 



Fig. 8. This last is Capillary Re- 

pulsion. The surface of the liquid becomes convex. 

68. Laws of Capillarity. The following laws have been 
demonstrated theoretically: Gay-Lussac has also shown 
their truth experimentally. 

I. A solid raises or depresses a liquid according as it 
is moistened or not. 

II. In different tubes placed in the same liquid, the eleva- 
tion varies inversely as the diameter of the tube. 

III. Tubes elevate a liquid twice the distance of plates 
whose distance apart eqtmls the diameter of the tubes. 
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Fig. 9. 




IV. The elevation varies with the liquid, and the tempered 
ture, but is independent of the thickness of the tube, 

69, These laws apply to both forms of capillarity. 

70« Experiments upon Capillarity. Attraction is 
best sliown by placing a series of tubes of differ- 
ent diameter, side by side in a vessel of water, 
colored by a little red aniline. See Fig. 9. The 
water stands in the tubes in the inverse order of 
their diameter. 

71. The same tubes placed in a vessel of mer- 
cury show repalsion. See Fig. 
10. In the first case the surface 
of the liquid is concave: in the 
second, convex. 

72. Two plates placed a little 
distance apart raise the water 
between them, and a tube of 
^^- 1®* the diameter of the distance 

between the plates placed beside them raises the water twice as 

high as the plates, thus showing the law. If 
now the plates are placed with one edge touch- 
ing while the other is separated a little, Fig. 
11, the water rises to the top where they touch, 
and falls away in a curve, forming the equilat- 
eral hyperbola. 

73. Besnlts of CapUlarity. The oil in 

Fig. 11. lamps is raised to the flame by the capil- 

lary action of the wick. A towel with one end in water 
quickly becomes moistened. Wedges of wood are sometimes 
driven into stones and then moistened: the capillary force 
splits the stones. Heavy weights are sometimes raised by 
wetting the ropes sustaining them. Blotting paper acts 
by the capillary force of its pores. Insects can walk upon 
water because their feet repel the water. An oiled needle 
will float upon water for the same reason. Sap flUs the 
pores of plants because they are capillary tubes. 

B 
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Two balls that act npon a llqnid 
aimllarly, Fig. ]2, qnickl; float to- 
gether: \rhile il one attracts and the 
other repels the water, the; will sepa- 
rate. 

74. Osmose. If tvro liquids of 
difTerent density be separated by 
a thin porous membrane, the 
outer liquid begins to pass inward, 
and the other outward. The for- 
mer is Endosmose; the latter, 




36. The phenomena ol Osmose 
are beat shown by the Endosmoia- 
eter. Fig. 13. This conaiata of a 
bladder tied firmly to a gloas tube, 
and filled with some Uqnid, as a 
strong solntton of sugar, or pnre 
alcohol. The whole is then im- 
mersed in water, the point where 
the liquid stands in the tube 
marked, and the apparatus left tor 
sometime. The liqnid soon rises in 
the tube, while sugar, or alcohol is 
found in the liquid outside. This 
shows that a ciureut has passed in 
each direction, but the endosmose 
has been the greater. 

76. The currents are gov- 
, emed by the following laws: 

I. The liquids must be capa- 
ble of mixiny. 



II. They must be of different densities. 



III. The membrane must have greater adhesion fnr one 
than for the other, and the fonner passes the more rapidly. 
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77. Osmose of Oases is readily shown by 
placing a jar of hydrogen with a bladder 
tied over one end, Fig. 14, under a bell jar 
of carbonic anhydride. The hydrogen pass- 
es so much more rapidly than the carbonic 
Fig. 14. anhydride as to distend the bladder. If the 

hydrogen be inside the bladder, it is drawn inward. 

78. Osmose is of the greatest importance to animal life, 
since by it the food passes through the membranes of the 
intestines, the blood supplies nutriment and removes dead 
matter; and most of the functions of the organs aire car- 
ried on through its action. Osmose of gases also takes 
place in the lungs. 

PROBLEMS. 

1. Section 47. A wire 2 feet long is lengthened .2 inch by 
a load of 100 lbs. What would be its length when stretched 
by a load of 150 lbs.? 

2. Two steel wires of the same length, whose diameters 
are respectively -^ and -^ inch, are stretched by the same 
weight: the former is elongated tV inch: what is the elon- 
gation of the latter? 

3. The smaller wire of problem 2 sustains 1000 pounds. 
What weight applied to the larger would stretch the wires 
equally? 

4. Section 48.i When the sustaining wire is 1 yard long, 
a force of 2 tons turns the index 10®. How many degrees 
would 7 tons turn it? 

5. Determine the length of the wire of problem 4 when 
the second force turns the index 30®. ^ 

6. Sectiok 57. Compare the friction upon the axles of a 
R. R. car when carrying a load of 10 tons, with the same 
car loaded with 30 tons. 

7. Compare the friction of an ice boat moving 10 miles 
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per hour, with the same boat sailing 64 miles per hour. 

Section II. Gravitation. 

79. All the material particles in the universe attract 
each other. The force which causes this is called Universal 
Attraction^ or Gravitation. The action is mutual, and be- 
cause of it, all bodies tend to approach each other. Were 
it not counterbalanced by other forces, all bodies would 
unite into a single mass. 

80. Though the existence of such a force was previously 
suspected. Sir Isaac Newton first demonstrated its existence 
and unfolded its laws. 

They are I. The attraction between bodies is proportional 
to the prodtict of their masses. 

II. The attraction is inversely proportional to the square 
of the distance between the bodies.* 

81. Since Newton's time, these laws have been proved 
• experimentally by means of a delicate torsion balance,! 

which showed the attractiqn between a large ball of lead 
and a small one of copper. This experiment has also been 
used to measure the attraction of the earth. 

82. The spherical shape of large bodies like the planets, 
results from Gravitation, and its laws also govern their 
motions. Terrestrial Gravitation^ with its result, the fall 
of bodies, is a special case. 

83. Plumb Line. The direction in which a body falls, 
that is the direction in which gravity acts, is a vertical line^ 
and the line prolonged to the heavens marks the Zenith. 
It is usually determined by the plumb line^ which consists 
of a ball of lead, called the bob, suspended by a string and 

*Thi8 second law, known as the law of inverse sqnares, applies to aU ladiant 
forces. 
tSee Section 99. 
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allowed to come to rest. Such 
a line points to the centre of 

the earth. 

For tLis reoBou plamb lines at 
different points as V and T" axe 
not parallel, while they may even 
be at right angles to each other, aa 
the horizontal and perpendicnlar 
plumb lines of Fig. 16. 

84. A plane perpendicular 
to the vertical is called hori- 
zontal. 




line. 



85. DeTiation of the Plumb line. A 

plumb Hne suspended near a large mass of 
matter, e. g., beside a mountain, is attracted 
by the mountain as well as by the rest of the 
earth. This causes it to move towards the 
mountain, and the angle which it makes 
with the vertical is the deviation of the plumb 



Dr. Maskelyne 
enspended a plnntb 
line upon opposite 
sides of Mt. Sche- 
hollien, in Scot- 
land, see Fig. 17, 
and found the de- 
viation of each to 
be about six sec- 
onds of arc. From 
PiB. IT- this he determined 

the attraction of the mountain, and then the density of the earth. 
He found the last to be abont five times the density of water. 
86. Centre of OraTitj. Since the earth attracts each 
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separate molecule of a body, each body must have a point 
around which all the molecules will be arranged uniformly. 
Considering gravity as a system of parallel forces,* it is 
the point of application of the resultant. Suspend a body 
by this point, and it will remain at test in any position. 



« 




87. Determination of the Centre of Gravity. If a material line 

weU represented by a wire, be balanced upon 

the edge of a knife, it wiU remain horizontal 

when the knife is at the centre. So too, if 

balls of equal weight be attached to the 

ends. But if the baUs be of unequal weight. 

Pig. 18. Fig. 18, then "it wiU balance when the knife 

is nearer the larger. Hence the centre of gravity of a line is at 

the middle point. 

88. If a triangle. Fig. 19, be suspended by one anfi:le and 
a pliunb line aUowed to hang beside it, the plumb line 
passes through the centre of gravity. Repeating this 
with a second angle, the centre of gravity wiU be at the 
intersection of the lines. This point is one-third the 
distance from the side to the opposite angle. 

89. Similarly by suspension and the plumb line, the 
Fig. 19. centre of gravity of a square, or a parallelogram is at 

the intersection of the diagonals. The centre of gravity of a cir- 
cle is at the centre. 

90. So the centre of gravity of any ir- 
regular body, as a horse and baU, Fig. 
20, may be found by suspending it by 
any three points, and the intersection 
of the lines indicated by the plumb 
line win be the centre of gravity. 

91. The centre of gravity 
may coincide with the cen- 
tre of mass, as in a truck 
made of uniform materials; 
or may be at one side, as 
when one side of the truck 
Fig. 20. is loaded with lead; or may 




*See Section 134. 
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even be entirely without the mass, as in the case of a ring. 

93. line of Direction. A line joining the centre of 
gravity of the earth and the centre of gravity of any body 
is called the Line of Direction. The stability of bodies 
depends upon its position. To render a body as stable 
as possible, the line of direction should pass through 
the centre of the base, and the stability is increased by 
bringing the centre of gravity as near the base as possible. 

93. A body will fall when the line of direction falls 
without its base, because the centre of gravity is not sup- 
ported. 

Thus the tower, Fig. 21, will stand when 

pt^rpendicnlar, because the line of direc- 
tion then talis within its base. Bat when 
inclined', it falls, for the Une of direction 
is tliea withoat. But if a portion of the 
top be removed, it will stand, for the 
centre of gravity is now lowered, so that 
the line of direction f oUs witiiin the base. 

94. Applications. A load of hay is 
more easily overturned than a load 
of stones, because the centre of 
gravity being higher, the hne of 
vig.n. direction is sooner thrown with- 

out the base. A man leans forward when going up hill, 
and backward when descending, to bring the line of direc- 
tion within the base. So with a load upon his back, he 
leans forward. Upon this principle, the leaning tower of 
Piza stands firm. Vessels and cars ought to he loaded with 
the heavy articles at the bottom to render them stable. 

95. Eqnilibrinm. When all the forces which act upon 
a body neutralize each other, the body remains at rest. It 
ia then said to be in Equilibrium. It presents three cases, 
Indifferent, Stable, and Unstable Equilibrium. 
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9A. L Indiflin«nt Eqnilibriiun. When a body is sup- 
^ ported by its centre of gravity. In this case 
the application of any external force will 
V'a S "^"'^ cause the body to move around ita point 
'Wm of support and assume a, new position. 




A track BQpported by its centre, or if loaded on 
one side, neartliat aide, Fig. 22, is a good illuatra* 
tion. So a apliere of iron floating In a veHBel of 
Fig. 11. merouiT is in indiflereiit eqoilibrium. 



97. n. stable Eqoillbrilini results from supporting a 
body by a point directly over its centre of gravity, as the 
I truck by the point b, Fig. 23. In a 
I similar way, a body supported so that 
I the line of direction falls at the middle 
I of its base is in stable equilibrium. 
I Any external force then raises the cen- 
I tre of gravity, and after a few back 
Fig. as. and forth movements carrying the cen- 

tre of gravity through m and n, it assumes its former po- 
sition. A truck with a mass of lead near one side, but 
supported by the centre of volume is a good illustration. 




98; JR. Unstable Equilibrium is presented by a body 
suspended directly beneath the centre of gravity, as the 
truck of Fig. 23 by the point c. Any external force tends 
to cause the centre of gravity to descend through an arc, 
and the body assumes the position Of stable equilibrium. 
A sphere loaded at the top and placed upon a table is a 
good illustration. 



99. Hie Balance is an instrument for determining the 
amount of matter a, body contains compared with the 
standard. In this way, weight is the measure of the earth's 
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Fig. 24. 



attraction upon the body. Hence the absolute 
weight of a body must vary with its distance from 
the centre of gravity of the earth. The weight is 
then zero at the earth's centre, because the earth 
attracts equally in all directions, and most at the 
surface, while above, it diminishes inversely as the 
square of the distance from the earth's centre of 
gravity. For the same reason, a body weighs more 
at the level of the sea than upon a mountain, and 
more at the poles than at the equator. But the 
ordinary balance will not reveal this difference, 
since the weight and the standard are both affected 
equally. The spring balance, Fig. 24, shows the 
condition clearly. 



100. The ordinary Balance, Pig. 25, is a lever of the first class* 
with the two arms equal. To secure lightness and strength, the 
beam is usually made as a frame, and is supported by a knife 
edge of polished steel resting upon a plate of agate, so as to 
turn with very little friction. Scale pans similarly supported 




Fig. 26. 

are placed at the ends, and there is an index at the centre to 



*See Mechanics, Section 167. 
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enable the observer to see slight variations. It is placed in stable 
equilibrium by bringing the centre of gravity a little below the 
knife edges, and wear is prevented by lifting the beam free from 
the bearings when not in use. 

lOl. A good balance should meet the following conditions : 

I. The two arms should be precisely equal, or unequal 
weights will produce equilibrium. 

II. The beam must be in equilibrium with empty pans. 

III. When the beam is horizontal, the centre of gravity 
and the point of support must be in the same vertical line. 

Correct results can be obtained from an inaccurate bal- 
ance, provided it is sufficiently sensitive, by the method of 
double weighing. The body to be weighed is put into one 
scale, pan, and sufficient shot or sand poured into the other 
to bring the balance into equilibrium. The body is then 

removed and sufficient weights placed in the 
empty pan until the equilibrium is again ob- 
tained: their sum is the weight of the body. 

102. Laws of Falling Bodies. The attrac- 
tion of the earth acts equally upon all the 
molecules of which a body is composed. 
Hence all bodies ought to fall with equal 
rapidity, regardless of their volume or density. 
That they do not, must then result from the 
resistance of the air. 

This is proved experimentally by the Guinea 
and Feather Tube, Fig. 26. This is a glass tube 
about two metres long, closed with a brass cap at 
one end, and a stop-cock at the other, by which it 
can be connected with an air pump.* When fiUed 
with air, a coin and feather within faU at different 
Fig. 26. rates: after exhaustion, both faU together. 




*See Section 300. 
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108. ittwood's BUchlne. Bodies 
fall BO rapidly that the time required 

lortheir tall cannot be readily d«ter- 
mined. Attwood's Mecliine is em- 
ployed so to redace the rate of tailing 
OS to render it measnreable, Fig. 27. 
It conaiBtfi of a wooden pillar about 
eight feet long divided into feet and 
Inches, with a large wheel at the top 
moving with very little friction. A 
silk cord passes over this, and equal 
weights are attached to its ends, so 
placing them in equilibrium. A 
hinged platform is placed at the top, 
held in place by a lever which Is 
moved by the armature of an electro 
magnet. A pendulum beating sec- 
onds is placed so as to form a part of 
the electrical circuit, and this carries 
a small point which passes through 
a drop of mercury placed upon a 
smaUiron shell on the wooden column. 
When the pendulum passes the mer- 
cury, the current is completed, the 
platform talis, a bell rings, and con- 
ttunes to ring each time the pendulum 
passes the mercury, thus showing the 
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onds, nine feet, and so on, 



104. 1st Experiment. Place a 
small additional weight, called the 
over weight,* upon the weight 
which rests upon the hinged plat- 
form, and allow the pendulum to 
beat. The weight falls, and at 
the end of one second has reached 
one foot; at the end of two seconds, 
four feet ; at the end of three see- 
Hence th^ First Law. Thespaces 



passed over by a hodtf vary as the square of the thnes of falling. 
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106. The distances passed in each second arc found by 
subtracting the distance already passed, and vary as the 
odd numbers. 

106. If the overweight is -^ of the sum of the two 
weights, the distance represented by one foot, or one space, 
is sixteen times the space passed, or sixteen feet, or more 
exactly, 1&^ feet. 

107. 2d Experiment. To determine the velocity or 
rate at which the body moves. At the beginning of the 
first second, the body is at rest and its velocity is zero. 
Attach a ring platform to the pillar, just large enough to 
allow the large weight to pass through, but not the over- 
weight, and place this one foot from the top. Cause the 
pendulum to beat, and at the end of the first second the 
overweight will be removed. Since the weights are now 
equal, they are no longer acted upon by gravity, but move 
forward by their inertia at the rate they were moving 
when the overweight was removed, which is the velocity 
already acquired. At the end of the second second, the 
weight is three feet from the top, that is, has moved two 
feet during that second. So the velocity at the beginning 
of that second was two spaces. Hence the Second Law of 
Velocity. The velocity acquired in falling any distance 
will carry the body twice that distance in the next equal 
space of time. 

108. These Laws give the following Table, in which 
16yV feet equal one space : 



Seconds. 
1 


Distance fallen 
in each. 

1 


ITotal Distance. 
1 


Velocity at 
beginning. 




2 


3 


4 


2 


3 


5.. 


9 


4 


4 

6 

6 


• 

7 

9 

...11 


16 

-25 

.36 


6 

8 

10 
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109. The PendDlmn. If a heavy weight is suspended 
by a stnng, it vibrates back and forth. This arrangement 
is termed the Compound Pendulum. A single molecule 
suspended by a material line and allowed to vibrate is a 
Simple Pendulum. Since the molecules of a compound 
pendulum are at different distances ^m the point of sap- 
port, they tend to oscillate at different ratra. There is 
one point which tends to move at the rate of the pendulum 
and this is called the Centre of Oscillation. Hence, the 
length of a Compound Pendulum is the length of a Simple 
Pendulum which will oscillate in the same time. 






^^ 



110. Laws of tbe Fendnlani. To determine 
the lawa experimentally, the apparatus of Fig. 
38 in nsed. It consists ol several pendulums 
attached to B frame. One of them is moved a 
little distance and allowed to oscillate. Gravity 
carries the pendulum to the lowest point. C, 
Pig. 29, Inertia, or the 
acquired velocity, cnr- 
ricH it in oppoaitioii tu 
gravity until oqb eqiuUa 
the other, or to tbe 
point D. Then the pen- 
dulum stops and repeats 
the operation. The time 
of the oscillation is not- 
ed. Increasing the arc 
' does not vary the time. 




Law I. Whih the arcs remain small, the time of oscilla- 
tion remains constant. 

111. Trying pendulnms of the same length but of different 
materials, e. g. wood and lead. Fig. 28, they vibrate tc^ether. 



Law IL The time of oscillation is independent of the 
substance used for the weight. 
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112. Causing a pendnlum to vibrate with one of four times 
its length, the short one is found to nuike two vibrations to one 
of the other. Hence 

Law III. The time of oscillation varies inversely with 
the sqtmre root of the length of the Pendulum, 

113. Application of the Pendulum to Clocks. A clock 

is merely a train of wheels moved by a weight or spring, 
with an attached index to record the number of beats of a 
pendulum. The wheels move an escapement wheel, A 
fixed piece called the escapement or crutch, terminating in 
projections or pallets, catches the teeth of the wheel with 
the pallets alternately, so allowing one tooth to pass at 
each beat of the pendulum. At the same time, a fork sur- 
rounding the pendulum rod strikes a slight blow upon it, 
just sufficient to overcome the resistance of the air, and 
this keeps the motion continuous. 

PROBLEMS. 

1. Section 80. The mass of the earth is 1 : that of the 
moon .0123. How much more does the earth attract the 
moon than the moon the earth? 

2. What will 1000 pounds weigh 4000 miles above the 
earth's surface? 

3. What will 25 lbs. weigh at the centre of the earth ? 

4. Section 83. What angle will two plumb lines make 
with each other, if placed 1000 miles apart? 

5. Section 108. Determine the velocity acquired by a 
body in falling to the surface of the earth from a balloon 
one mile high? 

_ 6. How long will the body of problem 5 be in falling? 

7. A rifle ball leaves the surface of the earth perpen- 
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dicularly with a velocity of 80 ft. How high will it rise ? 

8. How far will it go? 

9. How long will it remain in the air? 

10. Section 112. A pendulum vibrates once in five sec- 
onds. How many feet long is it, considering the seconds 
pendulum to be 39.37 inches? 

Note. It must be remembered that many of the smaller clocks now 
used have no pendulum, but are constructed with the so-called marine 
escapement. These clocks are similar to watches in all their parts. 

A watch uses a strong main-spring to drive its train of wheels, and a 
heavy balance-wheel in place of a pendulum. A fine spring called a 
hair-spring, is attached to this wheel by one end, while the other is 
fastened to a fixed post. The force of the main-spring, acting through 
the train of wheels, causes the balance-wheel to turn one way, coiling 
up the hair-spring. Then the hair-spring uncoils, driving the balance- 
wheel in the opposite direction. The length of the hair-spring deter- 
mines the rate of vibration. The escapement and train of wheels are 
the same as in a clock. 



K.P.8. 



BOOK II. 

EXTERNAL FORCES. 

114. An External Force acts upon a body as a whole, 
in place of acting upon its molecules, as do those forces 
considered previously. External forces are of two kinds, 
Impulsive and TJndulatory. 



CHAPTEB I. 

IMPULSIVE FORCES. 

115. Lnpalsiye Forces act for a moment only. This 
separates them distinctly from attraction, which always 
acts, and hence is called a constant force. 

116. An impulsive force may produce its effect upon 
a body where it is applied, or it may move through the 
body in virtue of its elasticity and affect some other body 
situated beyond that to which it is immediately applied. 

117. Representation of a Force. Forces aro conven- 
iently represented by straight lines. The origin of a line 
indicates the point of application of the force ; its direc- 
tion, the direction in which the force acts ; and its length, 
the intensity of the force ; and it may be drawn upon any 
given scale. 
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118. Unit of Force. The unit of force is the force 
required to move one kilogramme one metre in one sec- 
ond. It is called a kilogramme-metre.* 

119. Action and Reaction. When an external force acts 
upon a body, the body opposes the force applied. The 
effect of the force is action, and the opposition of the body, 
reaction. Thus a book placed upon the table presses upon 
it by an amount equal to its weight. But the table presses 
upward an equal amount and prevents it from falling. Or 
if two persons pull equally upon opposite ends of a rope, 
the rope is not moved. Now if one person be replaced by 
a hook firmly fastened to the wall, the effect upon the rope 
is not changed. 

120. Law. The relation of action and reaction is then 
expressed by the following law: Action and Reaction are 
equal, hut in opposite directions. 

Section I. — Movements of Fobces. 

121. Forces which produce their effects by the aid of an 
intervening body may travel in two ways, by a movement 
of the molecules of the body, or by a movement of the entire 
mass of the body at once. Both acts are called transmis- 
sion of force. 

122. Inelastic bodies when struck, yield to the blow. If 
such bodies transmit force, both bodies move forward to- 
gether after impact, and the velocity is reduced to that 
resulting from their combined momentum. Such trans- 
mission is not applied practically. 

123. Transmission of force by movements of the mole- 
cules in elastic bodies consists in pushing the molecules to 
one side, or in changing their, relative position. But the 



*If the English system is used, the unit of force is the force that will move 
one pound one foot in one second, and it is called the foot-pound. 
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elasticity of the body instmitly returns them to their 
original position, after producing a similar movement of 
the oezt series of molecules, and so on. The final mole- 
cules give the force to the succeeding body. 



124, The moTement of loTce by molecules 
is well iUuBtrsted by the cotlisioii balls, Fig. 
30. U the first be drawn ont and fttlowed 
totaO upon the next, tlie force la transmitted 
nndimitUabed, except by a lac^ of elaaticity , 
to tlie last, wMcli moves out ss far as the 
first was drawn out. So if a long pise rod 
be firmly lostened to a table, either by a 
small vise or by pressing upon it, and a ball 
be placed at one end, a smart blow upon the 
other end will drive away the ball. 



135. When a force is transmitted by 
a movement of the intervening body 
as one mass, the velocity is diminished by the resistance 
due to the weight of the intervening body. This is well 
illustrated by allowing the rod and ball of the preceding 
paragraph to re^t freely upon the tabic, and again striking 
the rod. Now both move. 




126. This last method has a practical application in the 
piston rod of the steam engine, as it transmits the force to 
the walking beam, or to the crank. 

Section II. — Composition and Resolution op Forces. 



127. Frequently one force is required to do the wort 
previously done by several. Finding such a force is Com- 
position of Forces^ and the force is a Resultant. On the 
other hand, it is sometimes necessary to separate one force 
into several. The process is Mfxolation of Forces. Both 
processes can be treated together, since one is the reverse 
of the other. 
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138. FirsL When several Forces act along a line, the 

resultant is the algebraic sum of the forces. 

^^^■MB^^HI^^^HB Thus B, imd C, 

H^^^^^B^^^Hi^^^Hfl act upon the material point X In 
l^^^^^^^^^^^^^^^l thesamedirectiou.tliereenltaDt 
'Will be the sum of these forces. 
Bat if one of them, as B, Fig. 
32, acts in the opiwsite djreo- 
tion, the resultant is dlminishoil 
bj that force. So in on oppo* 
site way, a einglo force can be 
parte acting along tho eame line. 

129. Second. Farallelograni of Forces. Each force that 
acts upon a body must produce its effect, whether acting 
alone, or with other forces. So a body acted upon by two 
forces at an angle must move in two directions at tho same 
time, and must travel as far in each direction as though it 
were moving in no other. 

Thus the force B, Fig. 33, acting 
upon the body A 'with on intensity 
of A B, -wiU move the body ja the 
direction A B as far as U In the 
unit ut time. So also the force C 
iniiHt move A OS far as C in tho di- 
rectionACinthosomotime. Hence 
the body A will bo found at D, the 
only point which meets the two 
' '*■ "■ conditions, while to reach that 

point it will travel along the diagonal of the paralleloerani. 

Hence to find the resultant of any two forces acting at 
au angle, complete the parallelogram of which the two 
forces make the two sides, and draw the diagonal from the 
point of application of the forces. Its direction will be 
the direction of the resultant, and its length, the intensity. 

130. So a single force may be resolved into two compo- 
nents acting at any given angle with each other, provided 
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the Bn^le which one makes with the original force is fpven. 
In this case, the given force will be the diagonal A D of a 
parallelogram, of which the new forces, A B and A C, make 
the sides, and their intensity will be determined by com- 
pleting the parallelogram. 

131. When there are several forces acting upon a point 
in the same plane, the resultant of all is obtained by find- 
ing the resultant of any two, then using this resultant as 
a new force, and finding the resultant of that and a third 
force, and so on until all are used. The final resultant is 
the resultant required. 

ThuBlet A,C, D, £, Fig. 34, beftor 
f OTces acting npou the body B. Draw 
the parftUelograin B A P C and B P is 
tlie reeultant. Then uHing B F as one 
Bide and B D as another, complete the 
parallelogram B F G D, and B G is 
the resultant. So with the patallelo- 
gram B G H E and B H is the resultant 
o{ the tour forces. 

133. Since one resultant can be 
found to replace all forces acting 
on a point, and this resultant can 
be resolved into forces acting at a 
given angle, any number of forces 
in the same plane, acting upon a point in different directions, 
produce the same effect as two forces acting at right angles 
to each other. For such forces may be first compounded 
to obtain a resultant, and then the resultant may be resolved 
into two components at right angles to each other. This 
principle finds practical application in polarization of light.* 

133. Third. FaraUelopiped of Forces. The resultant 
of three forces acting upon a body, but in different planes, 
is found by making the forces three edges of a parallelo- 
*See Optloa, Section «b«. 
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piped, completing the solid, and drawing its diagonal from 
the body. The diagonal represents the resultant both in 
direction and intensity. 

134. Fonrth. Parallel Forces. 

Parallel Forces are applied at dif- 
ferent points o£ a body, hut in the 
same direction. 

Thus A C and B D, Fig. 35, are two 
equal forces acting upon an inflexible, 
bar A B. Their resultant, E F, is the 
amn ot the two, since both act iu the 

Bame direction. It is evidently applied 
to the middle point, as they are equal. 

135. If one force is greater 
than the other, the resultant will he nearer the greater. 

I Hence the distance of the result- 
ant will be inversely as the forces. 
That is, Figure 36, B D:A C= 
AE:EB. 

136. The resultant of several 
forces may he found from the re- 
sultant o£ two cnmbiued with a 
third, and so on. This is illus- 

ase of Gravity,* Considering a body as 

■■■■ made up of molecules each of 

gi which is acted upon by gravity, 

the line of direction becomes the 

resultant. 

187. Theprinciploolparallelforces 
admits of experimeutalproolbjmeans 
Dt the apparatus of Fig. 37. Two 
weights oro suspended by a bat, and 
the distanoe trom the point of sup- 




1 



port is inversely as theii u 
•Bm Bo«k:i. SeoUoD M. 
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188. If two forces act in opposite directions, the resolt- 
I ant is their difference. 

Thus in Fir. 38, B D acts ia a direc- 
tion opposite to A C. EF,tlie result- 
ant, is tbeir difference. But it most 
be applied beyond A at E. so tiiat the 
diatonce sball be inTersely propor- 
tional, aa before ; that is B D;AC= 
AE:EB. 

"»■ ** 139. A Conple. Two equal op- 

posite parallel forces have no resultant. 

Thns A C and B D are two equal and 

opposite parallel foroes. Obvionsl.T 

the entire effect of such an arrange- 

is to produce revolution. No 

me force can replace them. Fig. 39. 

140. In all cases, if a force 
^^- ^*- equal to the resultant be applied 

in the opposite direction, it will place the system in equi- 
librium and cause all motion to cease. 




UNDULATORY FORCES. 



141. An undulatory force produces vibrations in an 
elastic medium. These vibrations are transmitted to an 
indelinite distance, by a change of position, or o£ shape of 
the molecules of the medium. When the vibrations are 
transferred from the medium to the huipan body, they give 
rise to their appropriate sensations. 

If thanght best this Ohuiter oan be ami tted untu Hie oompletfan Hi Book m. 
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142. The movements of the molecules of the medium 
may be longitvdinal or transverse. 

143. Longitudinal Yibrations are movements of the 
molecules in the direction in which the force is moving. 
When such vibrations reach the ear, if of proper length 
and intensity, they give rise to the sensation of sound.* 

• 

144. Transverse Vibrations are movements of the mol- 
ecules of a body at right angles to the direction in which 
the force is moving. When such movements are arrested 
by any body, the force is expended in producing a perma- 
nent increase in the movements of its own molecules, that 
is a rise of temperature. Reaching the nerves of the body, 
such vibrations give rise to the sensations of heat and light.f 

146. The force called Electricity also travels by a move- 
ment of the molecules of the conducting body, but whether 
by a longitudinal, transverse, or mixed movement is not 
known. The fact of movement is proved by the weakness of 
a conducting wire after long use, growing out of a rear- 
rangement of its molecules, that is a crystallization. 

146. Waves in Liquids. When the surface of a liquid, 
as a lake or pond of water, is disturbed by an external 
force, as dropping a stone into it, the disturbance gives rise 
to a series of waves that enlarge from that point as a centre 
indefinitely. A single wave carefully followed by the 
eye, is seen to move forward unaffected by its neighbors. 
The length of Fig. 41 represents the length of the wave, 
and the diameter of the circles, its height. The part raised 
above the surface of the water when at rest, is the crest; 
that below the surface, is the trough. 

147. Movements of the Molecnles. The molecules of 



*See Acoustics, Book IV, Part L 

f See Heat and Light, Book IV, Parts n and m. 
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the liquid have a vertical motion, or tip and down ; and 
also a rotation npon an axis. The Tertical movement is 
I well illustrated by Snell's Ap- 
I paratus, Fig. 40.* A series of 
J keys is moved by an eccentric 
I so that as the crank is turned, 
"they move up and down. Fol- 
*^*- *"■ lowing their tops with the eye, 

the vertical movement of the keys causes a forward move- 
ment of the wave. 




148. The 

revolution of 
the molecules 
themselves is 
shown by Ly- 
man's Appa- 
ratus, Figure 
41. This con- 
sists of two se- 
ries of revolv- 
Fi«- "- ing cranks at- 

tached to wires. As the wire which represents the wave 
is moved, the cranks which represent molecules revolve. 
Hence waves have both movements of the molecules. 






BOOK III. 



MECHANICS. 



149* Mechanics treats of the effects produced upon 
bodies by external forces. Since bodies may be in either 
of the three states, there are three general divisions of the 
subject, Mechanics of Solids^ Mechanics of Liquids^ and 
Mechanics of Gases. 



CHAPTEB I. 

MECHANICS OF SOLIDS. 

160* Since, in a solid, attraction exceeds repulsion, the 
body maintains its general shape; and the effect of an 
external force acting upon it as a whole is change of po- 
sition. This change may be effected by applying the force 
directly to the body, or by the aid of some intervening 
body or series of bodies called a machine. So any change 
may continue until a body yields to the force applied and 
breaks; and the point where the fracture occurs depends 
upon the strength. Hence Mechanics of Solids has two 
general divisions, the Simple Machines^ including their 
combinations, and the Strength of Materials. 
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Section I. — The Simple Machines. 

151. The Simple Machines are the Cord^ the Lever^ and 
the Inclined Plane. The others sometimes given are com- 
binations of these. All machines, however complex, are 
applications of these powers. 

152. The Cord, theoretically, is an inelastic flexible line, 
without weight, used to change the point of application of 
a force. Practically, the cord is somewhat elastic, not per- 
fectly flexible, and has weight. Thus a rope used to move 
a weight at one end, with the power applied at the other, 
is a cord. The cord is used in combination with the lever, 
in the pulley^ the wheel and axle, and in belts. 

153. The Lever, theoretically, is an inflexible bar, with- 
out weight, turning freely upon a support called the 
fulcrum, with the power applied at one point, and the work 
done at another. Practically, the lever has some weight 
which must be considered in the calculation. 

{ ~ " 7 }^Tk Thus the bar, Fig. 42, is a lever: the 
^ mjU block is the fulcrom, the small weight is 
^i^^^W the power, and the large one the weight 
Pj ^2. *^ ^® raised. They are in equilibrium. 

154. Equation of the Lever. Let L be the distance of 
the power from the fulcrum, and S the distance from the 
fulcrum to the weight: then PL=WS. Prom this, either 
term can be obtained when the others are known. This 
equation applies to all levers. 

155. Classes of the Lever. There are three classes of 
the lever, depending upon the relative position of the power, 
weight and fulcrum. 

156. The Lever of the First Class has the fulcrum be- 
tween the power and the weight. Thus the lever of Fig. 
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42 is of the first class. If the arms are equal and motion 
is given, power and weight will move equal distances. If 
the power arm is longer than the other, the power will 
move further than the weight. 

157. Applications of this lever are numerous. A bar 
used to pry out a stone, or to draw a spike, a pair of scis- 
sors, and the balance* may be mentioned. 

158. The Lever of Qie Second Class has the fulcrum at 
one end, and the weight between that and the power, Fig. 

43. In this case, the part of the 
bar between the fulcrum and the 
weight is employed in both long 
and short arms, and the power 
and the weight move in the same 
direction. 




A man raising a stone, Fig. 44, uses 

I a lever of the second class. The 
■wheelbarrow has the fulcrum at the 
■wheel, the load in the barrow for the 
weight, and the hands for the power. 
Nutcrackers, lemon-squeezers, and 
similar articles, and a door swung on 
its hinges by the knob are also levers of this class. 

160l Xhd LoTOr of the Third 0aSS has the power be- 
tween the fulcrum and the 
weight. Thus W F, Fig. 45, 
is a lever of the third class. 
The weight is less than the 
power, but moves more rapidly. 

161. Applications. Sugar tongs are levers of this class. 
A man raising a ladder agtunst a building is the power ; the 

■Bm Section 100. 
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ladder is the weight, applied at its centre of gravity, and the 
building is the fulcrum of a lever of the third class. The 
principal muscles of the body act as levers of this class. 
Thus a weight raised by the hand is lifted by the muscles 
attached at the elbow. The muscle Hcts at a great me- 
chanical disadvantage, but it is compensated for by the" 
more rapid movement of the hand. 

163. A lever may be bent as well as straight; and the 
power and the weight may act at any angle. In either 
case, the true length of the arm is the length of a perpeu- 

Jdicular from the fulcrum to the direc- 
tion in which the force acts. Thus 
N F, Fig. 46, is the long arm, and M P 
the short arm of the bent lever A B, 
to which the power P is applied in. the 
Fig. M. direction B P, and the weight W in the 

direction A W. 

163. The Componnd Lever, Fig. 47, consists of sevend 
- .^^ , ■_„ simple levers so arranged that the 

II power of the first is the weight of 
a the second, and so on. It ia ap- 
■ n I plied only when great weights are 

B W B to be moved a short distance. The 

i^^^M^P ^^^P^ powerful scales used for weighing 
*^- *'■ hay and coal are arrangements of 

compound levers. 

164. The Pnlley is a cord bent around a support, so 
B changing its direction. A wheel with equal 

IS, which is a lever, is usually used to di- 
3 minish friction. Thus the cord P W, Fig. 48, 
I passes over the top of the wheel and rests in a 
I groove, while the parts of the wheel A F and 
Fig. M. p B are equal. Pulleys are of two kinds, 
Fixed and MttvabU. 




PULLETS. 



47 



165. A Fixed Pulley, at the top, Fig. 49, is used simply 
to change the direction in which a force acts. It enables 




Fig. 49. 

the weight to rise with a downward movement of the 
I)ower. It is applied for raising weights to a height. 

166. The Moyable Pulley, middle, Fig. 49, uses two cords 
to sustain the weight. By its use, the power then is doubled 
but the weight moves only half the distance traversed by 
the power. It is commonly used in combination with a 
fixed pulley for raising heavy weights. 

167. The Tackle, near the right. Fig. 49, consists of sev- 
eral fixed and movable pulleys with a single rope wrapped 
around them all. For convenience, those at each end are 
usually placed side by side in a single block. The power 
gained is determined by the number of strands of rope, for 
each sustains its proportionate part. 

168. Pulleys with Different Bopes. Pulleys may also be 
combined, as at the left of Fig. 49, the rope which sustains 
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one pulley being the weight of a second, and so on. In this 
case, the first rope sustains one-half the weight, and the 
second one-half of that, and so on. Hence in this case, 
the proportion is found by raising one-half to the power 
indicated by the number of cords or blocks. 

169. The Wheel and Axle, Fig. 50, is also 
a combination of the cord and a lever of the 
first class. By passing a cord around the 
circumference of a wheel and a second in the 
opposite direction around a second wheel of 
*!«■ M. less diameter called an axle, the action be- 
comes continuous. The radius of the wheel, AC, is the 
long arm, and the radins of the axle, CB, is the short 
arm of a lever of the, first class. 

The wheel and aile is used in raising heavy weights, as 
is shown in Fig. 49. Frequently a crank replaces the 
wheel, and the hand describes a circumference correspond- 
ing to the circumference of the wheel, and then the 
arrangement is called a windlass. In this form it is fre- 
quently used for drawing water, 

170. The Capstan, Fig. 49, at the bottom, is simply a 
wheel and axle placed vertically. The bars, which are 
frequently made so as to be removed at pleasure, enable 
the operator to walk around it, so employing his strength 
to the greatest advantage. The sweep, often used in 
moving buildings, is another form of the same machine. 

171. The crane is a combination of the windlass and 
a tackle. The derrick consists of a windlass and two 
tackles, one of which moves the weight and the other the 
arm which holds the weight. 

172. Wheel Work. Most arrangements of wheel work 
are combinations of the wheel and axle. Thus, in Fig. 51, 
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the cc^ on tlie rim of one wheel work into the cogs oa 
the axle of the next, called a pinion. Aa each eog of the 
wheel moves one of the pinion, to determine the propor- 
tionate rate of revolution, divide the number of cogs on 
the circumference of the wheel by the number on the 
pinion. In raising a weight, as in the figure, such a train 
of wheels becomes a compound lever. The figure also 
shows the crank applied to move a heavy balance wheel. 

173. Wheels are frequently combined in this way to 
increase the rate of revolution, or as technically named, 
"to speed up," by exchanging power for time. Such an 
arruigemeDt is seen in the watch, where four revolutions 
of the main driving wheel, to which the spring is at- 
tached, produce twelve revolutions of the pinion which 
carries the minute htaiA. 

174. Another way that wheels are connected is by 
belts. In this way, the separate wheels, usually called 

S.T.t. 
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pulleys, can be many feet apart. The power is transmitted 
by the friction of the belt upon the surface of the wheel, 
but since this is not perfect, some power is lost by the 
slipping of the belt. The middle of the pulley is a little 
larger than the sides to prevent the belt from running oS. 

175. When the driven wheel and its shaft is required 
to move faster than the one driving it, the diameter is less ; 
and the rate of the two wheels compares as their circum- 
ference : when a slower motion is wanted, the driven wheel 
is made larger, and they compare as before. * 

176. Centriftigal and Centripetal Forces. The inertia 
of the molecules which make the circumference of a re- 
volving wheel,- tends to carry them forward in a straight 

I line, that is in a tangent, A E, Fig. 53, to its 
circumference. This is called the Centrifugal 
Force. It is opposed by the cohesion of the 
wheel, which may be considered a force tending 
to pull the separate molecules towards the cen- 
"8' "■ tre. Thisis the CewMpeto/iiW-ce. 

177. The manner in which these forces act may be 
experimentally illustrated by rapidly whirling a string with 
a ball at the end. The string represents the centripetal 
force, as the hand is constantly pulling upon it, while the 
tendency of the ball to move further away represents the 
centrifugal force. 

178. The water flying from a rapidly moving grindstone, 
and the mud from acarriage wheel, are illustrations of a su- 
perior centrifuge force. So if a wheel be revolved too 
rapidly, the cohesion is overcome and the wheel breaks, 
sometimes doing great damage. This is the cause of the 
great danger incurred in grinding gun barrels at armories, 
for the large stones employed always run at a rate very near- 
ly sufficientto overcome the cohesion, and a slight increase 
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of speed causes them to break. 
The motion of the planets in their 
orbits is an instance of the exact 
balancing of centrifugal and cen- 
tripetal forces. 

179. The flattening of the eari^h 
at the poles has been caused by 
centrifugal force. Pig. 53 illus- ' 
tratea the process. Rapid revolu- 
tion causes the brass ring to en- 
large equatonally, and in conse- 
*^"' quence, the polar axis is shortened. 

This ia the case with the earth. 

.■a*^. ^ ■"'^^ ^^- '^^ Inclined Plane, Fig. 
^^■^^^^^^ t 54, is the third mechanical power. 
^^0^^^ 1^ consists of a plane placed at an 

^^■^^^^^^^^H angle to the direction in which 
*^ "*■ the body is moved. It adds to the 

efficiency of a force by sustaining part of the weight. 

181. The force which moves a body up an inclined plane 
may act parallel to the plane; paral- 
lel to Us base; or at an angle between 
them. The last by the principle of 
resolution of forces, may be resolved 
into the first two. 

182. First, when the force acts 
^^- ''■ parallel to the plane, Fig. 55, the 

load W presses upon the plane in consequence of its weight. 
This acts perpendicular to the earth, and is the force ba. 
But ab, wldch is the resistance of the plane and the power, 
is made up of the components ac, the power, and ad the 
resistance of the plane. Hence ac:ab=P:W. But the 
triangles abc, abd and EST are allsimilar. Hence ac:ab— 





Fig. H. 
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aT:RS, or P:W»ST:BS. That is, the power is to the 
weight as the height of the plane is to its length. 

183. Second. When the force ia ap- 
plied parallel to the base, Fig. 56, a 
part is expended in increased pressure 
upon the plane. Hence since the trian- 
gles are again similar, Ac:cb=ST:TR. 
But Ac represents the power, and be the 

weight. Hence the power is to the weight as the height of 

the plane is to' its base. 

181. In both cases, the power increases with the length 
of the plane. But at the same time the weight is raised 
more slowly. 

185. The inclined plane ia used in raising heavy weights, 
asin loading a block of stone. 
Ascending a hill. Fig. 57, 
and going up a flight of stairs 
are apphcations of the in- 
clined plane, the steps of the 
stairs bemg merely places to 
put the feet. 




186. The Wedge, Fig. 58, consists of two in- 
clined planes united by their bases. Hence power 
is gained by it in the same way aa with the plane. 



»187. The wedge is applied in raising weights a 
very short distance, in splitting wood aud stone, 
*^*" '*" and in other eases where great power is to be gained. 
Because of friction, it is most effective when moved by a 
blow. Nails driven into wood, piles driven into mud, chis- 
els, knives, axes, and all edged tools are inclined planes or 
wedges.. 

188. The Screw, Fig. 59, is an inclined plane wound 
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around a cylinder. This is easily seen by 
cutting a paper inclined plane, and wind- 
ing it around a cylinder. It requires a 
hollow cylinder called a nut, having 
threads cut to correspond to those of the 
screw in which it turns. The distance 
^- ^^' between the threads is called the pitch of 

the screw. The power is usually applied by a lever, whereby 

it is greatly increased. 

The Screw is employed in presses because it will re- 
main fixed in any place. This is due to the great loss of 
power from friction, antounting sometimes to ninety per 
cent. It is also used in raising buildings. Wood screws 
form their own nuts as they advance. 

189. All machines expend a portion of the applied force 
in overcoming the friction of the various parts. Hence 
all the formulae previously given are calculated to produce 
equilibrium. When motion is required, a small amount of 
weight must be added ; and all bearings should be kept 
well lubricated, to diminish the friction as much as possible. 

On the other hand, efficiency is often due to friction, 
as in the case of walking. Unless the loss be at least 
one-half, the machine will not hold the weight in position, 
if left to itself, but requires to be fastened. This is illus- 
trated by comparing the ejffects produced by a screw with 
those of a pulley. 

PROBLEMS. 

1. Section 156. A lever of the first class 3 feet in length 
carries a weight of 10 lbs. 6 inches from the fulcrum. What 
power will balance the weight ? 

2. If the power of problem 1 descends 6 inches, how far 
will the weight be raised? 
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3. Where must the fulcrum be placed in a lever of the 
first class 10 feet long in order that a power of 8 lbs. may- 
balance a weight of 40 lbs. ? 

4. Section 158. What weight can a lever of the second 
class 5 feet in length raise, if moved by a power of 7 lbs., 
provided the weight is applied 1.5 feet from the fulcrum? 
How far is the weight raised by moving the power 1ft.? 

5. Place 400 lbs. upon a lever 10 feet long so that one 
end shall support one-third and the other the remainder of 
the weight. 

6. Sectiok 160. If a man's forearm measures 1 ft. and 
the muscle is attached i an inch from the joint, how much 
power must the muscle exert to lift a ball of 96 lbs. placed 
in the hand? 

7. A ball of 2 lbs. at one end of a lever of the third class 
8 yards long is balanced by a power of 8 lbs. Where is the 
power placed ? 

8. Section 163. With two levers arranged as in Fig. 47, 
the weight is 1 T. and each lever is 10 ft. long. What power 
balances the weight ? 

9. Section 166. Required the power which will raise 500 
lbs. with one movable pulley. 

10. Raise 5 T 3 feet with the tackle of Fig. 49. What 
power is required, and how far will it move? 

11. Section 182. What power will balance a weight of 
56 lbs. resting upon an inclined plane whose base is 1 ft. 
and height is 6 inches? 

Section II. — Strength of Materials. 

190. The limit to the size of any machine, or structure, 
is the strength of the materials employed. When this 
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limit is reached, additions to its mass add nothing to its 
strength, and if continually made, a point is ultimately 
reached at which the structure crumbles from its own 
weight. 

The strength of a structure depends also upon its shape. 
Hence the subject includes two topics, the strength of 
different substances, inchiding the shape in which they 
best resist strain; and the principles involved in combining 
the parts into buildings and machines. 

, 191. First Resistance to Strain. An applied force may 
produce rupture in either of three ways: it may act to 
crush the body, called crushing strain; or it may tend to 
pull the body apart in opposition to cohesion, longitudinal 
strain; or it may act at right angles to the length of the 
body, resisted both by cohesion and elasticity, transverse 
strain. 

192. The weight of a structure resting upon the foun- 
dation is an illustration of the first case. Such a load 
diminishes the vertical thickness of the foundation, and if 
sufficiently increased, crushes it. If the materials were 
homogeneous, when the body gave way, it would crumble 
to a powder. Practically, it breaks in several places. 
Hence such materials must be selected for the foundation 
as are able to sustain the weight of the structure and re- 
move all risk of being crushed. The size is determined by 
crushing a small cube of the substance, and from the 
weight employed, determining by simple proportion the 
size necessary to sustain the structure. To insure safety, 
the foundation should be three times the size calculated. 

193. The second Method is illustrated by a rope sustain- 
ing a weight, or in a timber holding a load attached to its 
lower end. Since elasticity of traction commonly exceeds 
elasticity of pressure, this method of applying a stress is 
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better than the first, and should be used wherever possible. 

194. The most common way of applying a load to a 
beam is by a transverse strain. The first result of such a 
stress is to bend the sustaioing beam. Fig. 60. The mole- 
. ^^^ (represented by the 

L-les) on the side to- 
u'lls the load L applied 

the top, are pressed 

Fig. to. nearer to each other, re- 

sisted by elasticity of pressure; while those oa the other 
side are moved farther apart, opposed by elasticity of tracr 
tion. Three cases demand consideration. 

1 95. First, when a beam is fast- 
I ened at one end. and the load is ap- 
plied at the other. Fig. 61. The 
I fracture must take place at the point 
I of support, beginning at the upper 
surface, at A. A beam so arranged 
will sustain the least load of any arraugement. Let this 
be W. 

196. Second. A similar beam, with the load at the same 
distance from the point of support, may rest freely upon 

I two sustaining posts, Fig. 62. In 
I this case, the load is distributed 
I equally between two points of 
*^B' *"- support. Hence the amount re- 

quired to produce fracture is double that in the first case, 
or 2 W, and the fracture commences at the under surface. 

197. Third. The beam may be supported as in case 
I second, but both ends be securely 
1 fastened. Fig. 63. In this case, 
I fracture must occur at both ends, 
I and in the middle at the same 

*^ "• time. But W is required to break 
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each end, or 2 W to break both, and 2 W to fracture the 
middle. Hence such a beam will sustain 4 W. 

198. Practical Applications. All beams should be three 
.times as large as necessary to sustain the load, to insure, 
safety, and this multiplication by three is called the factor 
of safety. All beams should have the load as equally dis- 
tributed as possible, and should be firmly fastened at the 
ends. Where possible to avoid it, no beam should be used 
with one end unsupported. 

199. The most economical arrangement of materials is' 
in the form of a hollow cylinder, for the size of the cyl- 
inder can not be changed without crushing all parts. This 
form is therefore employed in cast iron columns, which 
yield much less readily than solid columns of the same 
weight. The bones of animals, and the feathers of birds 
show the same arrangement. 

200. Beams, to offer the greatest resistance, should be 
as deep as possible in proportion to their thickness, since 
this places the greatest possible number of molecules in 
position to resist the movement which precedes fracture. 
This is illustrated by the ease with which a board is bent 
and broken when laid down, and the great weight it will 

sustain when placed on its edge. Hence the 
depth of all timbers should be several times 
their thickness. Experience has shown that 
iron beams are best made in the form of a 
double T, Fig. 64, with the height about twice 
Fig.6A. the thickness at the broadest part. 

201. Second. Principles of Frames. The combinations 
of materials into buildings and machines are all applica- 
tions of a few simple principles. The most important are 
the arch^ the strut, and the fie beam or brace, 

202. The Arch, Fig. 65, is formed of blocks placed on 
an arc, either of a circle, or of an ellipse, and the separate 
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pieces are held in position by one let in from above (A, Pig. 
65) called a key. Rightly proportioned, it 
is the strongest possible arrangement of 
materials to bearacnishing weight, forthe 
load is so distributed as to be perpendicu- 
lar to each block, and it maintains its po- 
sition until one is crushed. It finds its 
appHcation in stone bridges; sewers, and 
^^■'^ other underground structures; and over 

windows and doors in buildings constructed of masonry. 

203. The Stmt is a timber placed so as to change a 
transverse strain into a crushing force, AB 
Fig, 66. It gives strength to a structure 
because it prevents bending. It is used un- 
der beams supported at one end, in trestle 
work, and in other positions where the load 

'^■o*- tends to produce deflection, that is to bend 
the beam downwards. 

204. The Brace. Most frame structures are built in the 
form of parallelograms. This renders the structure weak, 
" since parallelograms of different 

area, or having diflferent angles, 
may have the same sides. To 
remedy this, a timber is placed 
across the corners, ab and cd. Fig. 
67, thus mailing triangles, which 
cannot change their angles and 
retain the same length of sides, 
placed across all comers, whenever 
possible. 

205. The brace acts sometimes by its elasticity of trac- 
tion and sometimes by its elasticity of pressure. Thus, if a 
beam be braced both above and below, the upper braces will 
act by the former, while those below will act by the latter. 

206. The strongest form of frane work Is illHiStFAted b7 Fig. 68. 




Mg.BJ. 
Such braces should 
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A B is the beam to carry tbe load. 
Timbers AD and BE are firmly 
I boited to its ends, and tbe upper 
it these timbers areconuected 
by a beam DE. DC and EF are tie 
rods holding^ the beam AB to DE. 
Fig. es. It now ft load be placed aajvhere 

upon AB, the principal part of that load will be sustained by the 
tie rods, which act by elasticity of traction. Then it is transferred 
by tbe timbers AD and BE to the ends of the beam, where it tends to 
lengtUeu the timber, and is again resisted by elasticity of traction. 




CHAPTEK II. 
MECHANICS OF LIQUIDS. 
207. The first efifect o£ varying the relative strength of 
the two sets of forces, the attraction and the repulsion, 
acting upon a solid, is to change its volume. An increase 
of the repulsive force, or its equivalent, a diminution of 
the attractive, produces expansion. If this continues, at 
a certain definite point, called the melting point,* the co- 
hesion is nearly overcome and the body becomes a liquid. 

308. Tn the liquid state, the two forces nearly balance, 
and this gives rise to some properties peculiar to this state, 
and to some uses to which liquids may be appropriately 
applied. Liquids also may be employed at rest, or in mo- 
tion. Hence Mechanics of Liquids considers four general 
subjects: the General Properties <^ Liquids; Specific Grav- 
ity, or the relation of the density of the different bodies; 
Hydrostatics, or the Laws of Liquids at Sest; and Hy- 
draulics, or the Laws of Liquid Movements, 

Section 1. — Oexebal PaoPERTiBS or Liquids. 

309. The most marked feature of a liquid is the ease 
4See Heat, Section Mi. 
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with whicli the molecules move. Indeed, each molecule of 
a liquid yields to the least external force, moving in a 
straight line iu the direction in which the force acta. 

310. This occurs because the attractive and repulsive 
forces are nearly balanced. Were they exactly equal, a 
molecule thus moved would continue its forward motion 
until stopped by some force external to the liquid. But 
liquids have some cohesion, so that the torwioi motion of 
the molecule is constantly retarded and ultimately overcome. 
That is, all liquids possess a certain degree of viscosity. 

211. This property indirectly effects the production of 
waves. For any molecule moving 
forward must disturb those touch- 
ing its sides, and thus set up back 
and forward motion among them, 
that is produce waves. 

213. Compressibllltjr and Elastldtj. 

Liquids were formerly considered iu- 
compreesible. Tbattliey arenotatrlot- 
ly so ie shown by the Piezometer, FI(f, 
69. This conaJBtii of a glass cylinder, 
A, containing the liquid to be com- 
pressed, with a- fine tube, the end of 
■which, O, dips beneath the surface at 
mercury. This is then placed in a 
strong glass cylinder, which is then 
filled with vater. Atthetopisa screw, 
which moves a piston downward, Aa 
the screw advances, the water in the 
cylinder by Pascall's htw* carries the 
pressure to the mercury which rises 
In the tube O, thus compressing the 
liquid in the cylinder A. AManome- 
ter . B , t is frequently used to show aie 
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By this means, a pressure of twenty-four atmospheres 
has been found to diminish water about eleven thousandths 
of its volume. * When the pressure was removed, the ii^ater 
resumed its original bulk. Hence it is inferred that liquids 
are perfectly elastic, at least within the limits of experiment. 

Section II. — SPECuric Gravity. 

213. Since all bodies contain pores, to determine the 
relative amount of matter that they contain, they must be 
compared with some substance adopted as a standard. 
Pure water at the temperature of 4° is taken as this stand- 
ard, and the relation of a body to water is its Specific Gravity. 

214. Archimedes' Principle. The weight of a body 
immersed in water is diminished by an amount equal to 
the weight of the water which it displaces. If lighter 

than water it floats, a part being below 
the surface, while the water rises in the 
containing vessel. Fig. 70 shows this, 
for the glass vessel being filled so that 
the water stands exactly at the mark 
upon the tube, the immersion of the 
floating ball causes the water to rise in 
Fig 70. the tube. Drawing out just enough to 

bring the water to the mark again, it is shown to be the 
amount displaced by the ball by removing the ball and 
pouring the water back. 

215. If heavier than water, the body sinks, but loses a 
part of its weight. This is called Archhnedes' Principle,^ 

*The tradition of its discovery is as f oUows : King Hiero gave some work- 
men the material for a golden crown. Upon the completion of their work, 
they returned him a crown of equal weight. But suspecting it to be alloyed 
with silver, he gave it to Archimedes to determine. After studying the prob- 
lem for some time, he visited the baths when the vessel was completely f ulL 
Plunging in, he noticed the overflow of the water, and at once thought of ap- 
plying the principle to the crown. In his eagemes, he did not stop to dress, 
but ran through the streets shouting, "/ have found it" and detected the 
fraud of the workmen by its greater volume. 




62 MECHANICS OF UQUIDB. 

from its diacoTerer, the celebrated physicist of Syracuse. 

Sift. ArehlmedM' Principle isprared bytheappa- 

ratnaof Fig. 71. A cylinder, whiol) just llta a bucket, 

is attached to a hcxik at its bottom: and the bucket 

and cylinder are then attached to the arm of a bal- 

e. Weights ate now placed in the opposite scale 

pan Juat equal to the weight of the cylinder and bnck- 

Upon immeraing the cylinder in wat«r, the 

I weights descend ; but fllling the bucket with water 

I redtores the equlllbrinm. Thta principle is import- 

I ant since the method of determining speciflo gravity 

depends upon it. 

217. Thb principle furnishes a ready meaas of deter- 
mining the volume of a body. All that is necessary is to 
suspend the body by a fine thread, in distilled water of the 
temperature of 4°, its weight being already found, and 
weigh it once more. The loss of weight in water is the 
weight of the water which it displaces, and this is its vol- 
ume in cubic centimetres, since one cnbic centimetre of 
water weighs one gramme. 

218. The Carteidan Direr. A body heavier than water 
wUl sink; of the same weight, will remain in any position; 
and lighter, will rise. 

The Cartesian Diver, Fig. 72, shows these phenom- 
ena. A small porcelain fignre is attached to a globe 
which has a small hole on the nnder side. Water, 
almost sufficient to make the image sink, is placed in 
the globe ; and the image is then placed in a tall cyl- 
inder of water, and a rubber cap tied orer the top. 
The image now floats. By pressing sli^tty tipon the 
robber, a little water is forced into the globe, and the 
image sinks. Kemoving the pressure, the water es- 
capes and the image rises again. 

219. Fishes are enabled to rise to the surface 
of the water by expanding a small sack of air 
Fig. It. jjgar their back, called the swimming bladder. 
Compressing it, they descend. 
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220. The human body is slightly lighter than water, 
and so will float. But the head is heavier than the lower 
parts of the body, and so is kept above the surface only by 
an effort. Hence swimming is an art. But in animals? 
the head is lighter, and floats naturally. 

221. Determination of Specific Orayity. The specific 

gravit}'^ of a body is found hy^ dividing the weight of the 
body by the weight of an eqtml volume of water. The only 
difficulty lies in obtaining the weight of an equal volume 
of water. Hence the method differs somewhat with the 
state of the body. 

222. First, Specific Grayity of SoUds. Solids are of two 
general classes: those heavier than water and those lighter. 
To obtain the specific gravity of a body heavier than water, 
weigh the body in the air,* and then suspended by one arm 
of the balance, in water; find the difference, which gives 
the weight of an equal volume of water; and divide the 
weight of the body by this. 

223. To obtain the specific gravity of a body lighter 
than water, it must be made to sink by some solid whose 
weight both in air and in water is known. Then sub- 
tracting the weight of the two bodies in water from the 
sum of their weights in air gives the weight of the volume 
of watei*equal to both. Subtracting from this the loss of 
weight of the heavier body gives the weight of the water 
equal to the lighter body, and dividing the weight in air 
by this gives the specific gravity, as before. 

224. Second, Specific Orayity of Liquids. This is deter- 
mined in two principal ways, by the Specific Gravity Bot- 
tle^ and by Hydrometers. 

^strictly, in a Tacnnm. 
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226. The Spodflc GniTttr BctUe, Fig. 73, is a 
gliwa bottle whose weigtit la known, whicli holds 
100 grammea of distilled water at the temperature 
of !5°. It ifl filled with the liquid whose specific 
gravity la required, and weighed, care being taken 
to fill it at 15°. Snbtracting the weight of tlie bot- 
tle gives the weight of the liquid, and dividing bj 
100 gives the specific gravity. 

226. Hydrometers are of two kinds, those 
of constant volume, and those of variable voU 



227. Falirenhelt'B Hrdrometer is the best of the 
ji'^A -r~\ first kind, Fig. 74. It consists ot a glass cylinder 
^ -_ -■'! carrying a small bulb of mercury at tlie lower end, 
and a scale pan at the top supported by a stem. A 
mark is made npou the stem to which it Is always 
immersed. Its weight is carefully determined. It is 
then placed In water and weights added until it sinks 
to the mark. The sum of the weights In the pan and 
the weight of the hydrometer is the weight of the 
. displaced water. Then Immersing it in the liquid 
" whose specific gravity is desired, the weight of the 
amount displaced is found in like manner. Dividing 
the first gives the specific gravity. 



888. Banmes' Hydronrter, Fig. 76, shows the 
principle of those of variable volnme. It consists 
of a glass stem which carries two bulbs near its 
lower end. The npper one is hollow, and the 
lower is filled with mercury, so that the instru- 
ment alwajB stands perpendicular to the surface 
of the liquid. 

229. Baumes' Hydrometer is graduated ai^ 
bitrarily, but in different ways for liquids 
heavier than water, and those lighter. For 
those heavier, the point to which it sinks in 
water is marked zero. A eolation of 15 parts 
of common salt in 85 parts of water is then 
made, and the point to which the hydrometer 
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sinks in that is marked 15°, and the lower part of the stem 
is then divided into spaces of the same length. 

330. For liquids lighter than water, the point where it 
stands in water is marked 10°, and the point to which the 
instrument sinks in a solution of 10 parts of salt in 90 parts 
water is marked 0°. The space between is divided into ten 
parts, and the divisions continued to the top of the stem. 

331. To use the instrument, it is plunged into the liquid, 
the degrees where it stands read from the stem, and the 
specific gravity is then found by Baume's Tables.* The 
instrument ismot very accurate. 

333. Modifications of the hydrometer specially adapted 
for use with milk are sold as lactometers. Little reliance 
can be placed upon them as a test of purity, since cream 
is lighter than milk, and even if water has been added, :i 
little salt restores the specific gravity. 

333. Third. SpeciJSe Gravity of Gases. Gases are so 
much lighter than water that if compared with it, the spe- 
cific gravity would be inconveniently small. Hence they 
are compared with air, or in Chemistry with hydrogen. 

334. To obtain the specific gravity of any gas, a glass 
flask is first weighed when full of air, then when it has 
been exhausted so as to produce a vacuum. The difference 
is the weight of the air in the fiask. It is then filled with 
the gas whose specific gravity is required, and weighed. 
The difference between this weight and that of the empty 
flask is the weight of the gas, which, divided by the weight 
of the air, gives the specific gravity. 

*See Table IV, at the end of the Yolome. 
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PROBLEMS. 

1. Section 217. A body whose weight is 22.704 grammes, 
loses exactly 2 grammes in water. What is its volume? 

2. Section 222. A piece of gold weighing 10 ounces 
weighed 9.484 ounces in water. What is its specific gravity ? 

3. A body weighs 7.55 ounces in air, and 5.17 ounces in 
water. Required its specific gravity. 

4. Section 223. A mass of iron ore weighs 6 lbs. in air 

and 4 lbs. in water. Determine its s. g. 

* 

5. The ore of problem 4 and 1 lb. of cork together weigh 
3.8 lbs. in water. What is thie s. g. of the cork ? 

6. Determine the volume of a mass of ice of which 439 
cubic feet floated above the surface of the water, the specific 
gravity of the ice being .93. 

7. Required the weight of the ice, a cubic foot of water 
weighing 62 lbs. 

8. Section 225. A specific gravity bottle whose weight 
is 50.9 grms. weighs 150.934 grms. when filled with milk. 
What is the s. g. of the milk? 

9. The same bottle filled with sulphuric acid weighs 
233.1 grms. Determine the s. g. of the acid. 

Section III. — ^Htdeostatics. 

335. Hydrostatics treats of the laws which apply to 
liquids in a state of equilibrium. Those that are peculiar 
to liquids result from their perfect elasticity. PascaVs 
Law is the most important, named from its discoverer. 

236. Pascal's Law may be determined experimentally 
by the apparatus of Fig. 76. A strong vessel which has five 
pistons of equal area fitting tightly, is completely filled with 
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water. If then any given weight, 
as 100 grammes, be placed upon 
.,_ one, that will descend, and the 
'f^ others move outwards. But an 
addition of 100 grammes to each 
restores the equilibrium. Henee 
liquids transmit pressure equally 
in all directions, and the force 
acts at right angks to the surface 
*^- ™ at any point. 

237. An apparatus consisting of a large globe with sev- 
eral jets shows the same principle. It is filled with water 
and an attached piston is then forced in, and the water is 
driven out of all the jets equally. 

238. Fonnola. The formnia is determined 
I by the apparatus of Fig. 77. P and p ttre two 
R! pistons ot known area resting upon water in 
a connected cylinders. Weights are tlien 
I Added to each. But those added to the larger 
Pig. n. are as many times greater than those placed 

upon the smaller ae the area of one exceeds that of the other. 

For example, if the area of the large piston is ten times 
the smaller, then 100 grammes on P are balanced by 10 
grammes upon p. Hence 
representing the weights by 
P and p, and the surfaces bv 
5 and 8, ^ = | or P=^^ 

889. Bronah's Press, Fig. 78, 
is a practical application of these 
principles. ItconsiiStsotalarge 
cylinder, in which is a piston 
moving water tight. This pis- 
ton carries the weight to be 
raised, or the material to be com- 
pressed. A pipe connects this 
with a amaU cylindef, in which 
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moves a piaton operated by a lever. Water Is supplied to the 
small cj-linder from a reservoir, so that it can be forced from tiie 
smalt cylinder to the large, and the apparatus converted into an 
hydraulic press. The conditions of eqailibriom are given by the 
formula of the lost paragraph. 

240. The collar was devised by 
Bramah, Fig. 79. It consists of a piece 
of thick leather soaked In oil, made 
with the cross section in the shape 
of an Inverted V. This is placed near 
the top of the large cylinder, and 
while allowing the piston to move by 
it, prevents the escape of wat«i, for as the pressure upon the un- 
Hex side Increases, the collar presses against the piston with greater 



341. This press is used in raising locomotiveg ; in ex- 
pressing oil from seods; in pressing books; in making a 
compact mass of sheets of paper for car wheels; and 
wherever great pressure is required. 

342. Pressure produced by Gravity. Gravity causes all 
liquids to press upon the various layers, and upon the con- 
taining vessel, in proportion to the density of the liquid. 
So also, by Pascal's law, the pressure upon all parts of 
the same horizontal layer is the same. 

248. The Upward Pressure of liquids is shown by 
the apparatus of Fig. 80. A glass tube open at the 
ends, has a tightly fitting disc which is held in place 
I by a string. When the apparatus is Immersed in wa- 
;, and the string released, the disc is held in place. 
j Pouring water into the tube, the disc (alls when the 
weight of the colunm ot water in the cylinder added 
,o the weight of the disc equals the pressure upward, 
irthe downward pressure of a column of water of the 
Fig. 80. same area and height as the immersed portion of the 
tube. Sometimes a little more is needed because of adhesion. 

244. The pressure upon the side of a vessel at any point 
is readily seen to be that upon any point of a horizontal 
layer at the same distance below the surface. 
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Fig. 81. 



245. These facts are well illustrated by the 
hydrostatio bellows, Fig. 81, consisting of two 
boards connected by leather, so as to be water 
tight. A tube is fixed at one side. Water ponred 
into the tube presses downward according to 
its height, and since liquids transmit pressures 
equally, the pressure upon each equal portion 
of the area of the beUows equals that in the 
tube. So a smaU amount of water wiU raise a 
heavy weight. 

246. Upon this principle, a small amount 
of water will suffice to burst a barrel. 
The cask is filled with water, and a small 
tube forty or fifty feet long is inserted and 
filled with water. The pressure of the 
column bursts the barrel because trans- 
mitted to all parts of the inner surface 



equally, according to Pascal's law. 




Fig. 82. 

in the tube and in the funnel. 



24:7« The pressure 
is independent of the 
shape of the vessel. 

This is readily proved 
by a tube. Fig. 82, bent 
twice at right angles with 
a funnel attached to one 
end. Pouring water into 
the funnel, it fiUs the in- 
tervening tube and comes 
to rest at the same height 
So with the smaUer tubes. 



248. The Hydrostatic Paradox. The weight of the liquid 
in a containing vessel determines the pressure of the vessel 
upon its support. But the pressure upon the bottom of 
the vessel is in no way affected by the mass. This depends 
entirely upon the area of the bottom and the height of the 
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upper surface of the liquid above the bottom. Hence the 

pressure upon the bottom and upon the support may differ 

very materially, or they may be equal. 

This is well shoim by the appa- 
ratus of Fig. 83. A foouel abaped 
vesael is screwed to tbe top of a 
cylinder the bottom of wbicb is 
closed by a metal plate held in 
place by ttie arm of a balance. 
Weighta are placed in tbe opposite 
scale pKn, not ahownin theflgore, 
ontll eqnllibriam is reached. Tbe 
height oC the liquid is marked by 
a stand; the fnnnel sliaped vessel 
is then replaced by the others in 
turn, and the same weiglttJi produce 
equUibrium as before, though tJie 

entize mass of liquid ia much leas. Tliat is the pressuie upon the 

bottom is determined by the height. 

349. BeserTOira. A reservoir is a structure of earthwork 
or masonry to hold a supply of water. Since the pressure 
against the structure results from gravity, it will stand 
when its weight equals the pressure. Raaervoira are used 
as embankments of canals, and also to hold a BUppIy of 
water, and their shape varies with their use, 

350. Detenuinatioil of Form. Since the pressure upon 
I the top layer is zero, and upon the lowest is 
I due to the entire depth of the liquid, the 
I entire pressure may be considered as cod- 
I centrated at P, Fig. 84, a point one-third 
I from the base, that is on the same horizontal 

"«■**■ line with C, the centre of gravity of the sec- 
tion of the reservoir. But nothing is required to balance 
the upper layer. Hence the section of the side of the 
reservoir must be a triangle. Since the weight of the tri- 
angle alone resists tbe pressure, it will all be concentrated 
at its centre of gravity C. It must then be equal in weight 
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to the pressure of the water, else it will be 
pushed aside. But the factor of safety de- 
mands its multiplication by thxee. Hence 
the true form is found by placing a par- 
allelogram whose base equals that of the tri- 
Fig. Bs. angle in addition to it. Fig. 85. 

361. Practically, reservoirs are constructed of earth. 
Hence while the side exposed to the water should be, 
theoretically, perpendicular, it must be so inclined as to be 
stable and resist the wear of the water. Hence the form 
will vary materially with the nature of the earth used in 
its construction. When the embankment rests upon very 
hard soil, the base should be let down into that to prevent 
any possibility of slipping. Most soils require puddling, 
that is pounding, so that water cannot penetrate them, and 
BO dissolve out parts of the earth and weaken the structure. 

253. If the water is ever to pour over the top of the 
structure, as in the case of a dam across a river liable to 
considerable increase in volume, the side away from the 
water must be so arranged aa to prevent the water from 
ever striving it aa it falls. This is accomplished either by 
making the face of the structure perpendicular, or so in- 
clining it that the water can flow quietly down the plane. 
The upper side must also be inclined so that logs and masses 
of ice shall strike at an angle and " glance," or be reflected 
off, in place of giving their momentum to the structore. 

353. Eqnilibriutu in Connected Tessels. When vessels 
of different shape and 
size are connected, the 
liquid contained in them 
will stand at the same 
level in all, because the 
downward pressure is the 
same. Fig. 86. Pouring 
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water into any one of the vessels connected by the tube, 
the liquid rises to an equal height in all.* 

S54. Upon this principle, cities are supplied with water. 

A reservoir A, Fig. 87, is cooatmctod upon on elevation, and 
d by an anderground pipe B with the place vliere tlie 




Pig. 87. 

water is required, as the houae D. Ttien since vater is in equl- 
Ubrlum at tlte same level, it rises as hig^ as the reservoir. So 
rivers may be crossed readily by laying the pipe tmdemeath the 
water upon the bed of the stream, as shown at B. A fountain is 
simply on upward jet made by Insertiag a small pipe perpendicu- 
larly into the main pipe, 

255. EquiUbrlnin of Diiferent Liquids. When liquids 
of different density are used, they will stand at different 
levels. 

Thns, if a tube bent twice 
at right angles, Fig. 88, be 
flUed a UtUe by the bend 
with mercury, and water be 
poured into the branch A to 
the height of thirteen cen- 
timetres, the mercury will 
rise in the other tube B 
only one centimetre. But 
mercniy is thirteen times as 
dense aa water. Hence these 
liquids futnlah the same 




356. A Level Snr&ce 

^^^^^ hb.88. jg presented by a liquid 

*Ptnctlcallr, ■ UtUe <lifleceiuw is noted, due to rapiUaiity. 
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Fig. 89. 



at rest. This is not a plane, but since all parts are acted 
upon by gravity equally, it must be curved to correspond 
with the earth. 

257. Leyeling is the process of determining a horizontal 
line, or a plane surface. The water level is a long tube bent 

twice at right 
angles, and 
water is made 
to stand at the 
same level in 
both arms, as 
in Figure 89. 
Then by look- 
ing along the 

surface of the liquid in the two tubes, a straight line is found 
which reaches the staff held by an assistant, and the true 
curve can be calculated from this. 

358. A Spirit Level, Pig. 90, is more delicate than a wa- 
ter level. It consists of 
a tube slightly curved, 
nearly filled with alco- 
Vig.9o, hoi and sealed. When 

it is level, the bubble of air remaining is in the middle; 
and it may be attached to any instrument. 

PROBLEMS. 

1. Sectiok 239. a Bramah's Press has a large cylinder 
of 1 ft. in diameter, nnd a small cylinder whose area is 1 
sq. in. The handle is 3 ft. long, and the piston is attached 
4 in. from the end. What weight upon the large piston 
can a man weighing 150 lbs. raise? 

2. Supposing the small piston can descend 6 in., how 
many times must the handle descend to raise the weight 
linch? 
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3. Sbctios 245. Given a square bellows 1 ft. on each side, 
and a tube 1 inch in area, how high a column of water 
will be required to raise 200 Iba., considering a cubic foot 
of water to weigh 62 Iba. ? 

i. Section 255. The specific gravity of nitric acid being 
1.5, how high a column will be required fo balance acolumn 
of water 9 centimetres high? 

6. A column of water 30 ft. high is balanced by alcohol 
of .8 s. g. Required its height. 

Section IV. — Hydraulics. 

259. Hydraulics treats of the phenomena connected with 
liquids in motion. The movements of liquids may be con- 
sidered in themselves, as influenced by the containing 
vessel and the opening whence they escape: or the moving 
liquid may be employed as a means of producing motion: 
or its movements may be a hindrance to object<i moving 
through the liquid. 

360. Jets. If an opening is made in a vessel containing 
water, the liquid flows out. This is called a jet. Its direc- 
tion may be downward, to one side, or upicard. 

261, The Contracted Tein. Making an opening removes 
the pressure from that part of a vessel, and produces un- 
equal pressure upon the molecules of the liquid, so that 
tbey move towards the orifice in all direc- 
tions. Fig. 91. The inertia of the mole- 
cules causes tbem to continue in the same 
direction after reaching the orifice, so that 
their paths cross in all directions. This 
makes the smallest part of the stream, not 
^- ^1- at the orifice itself, but a little beyond it, 

and the amount of water discharged is determined by the 
area of a section at this point. 



363. The amount of the flow is somewhat 
increased by inserting a short tube. Its best 
shape b that of the contracted vein. 

263. A Jet Downward. If the orifice be 
in the bottom of the vessel, Fig. 92, the 
stream seems to diminish for a certain dia- 
taiice and then to increase in size f^ain. 
This is repeated several times until the stream 
finally breaks up into separate drops. This 
separation is caused by the acceleration of 
gravity upon the molecules, causing thera to 
increase their rate of motion according to 
F^ Bi. the lavrs of falling bodies. 

264. Jets from the Side. If an opening be made in the 

side of a vessel. Fig, 93, the liquid 
will start out horizontally. It ia 
then acted upon by its inertia, 
which carries it forward in a 
straight line ; and by gravity, a 
constant force drawing it perpen- 
dicularly dovoiward. The result 
is that the stream is turned down- 
¥Ui- 93. ward, and soon reaches the level 

of the bottom of the vessel. Since gravity is constant, the 
shape of this curve must be that of any projectile, or a 
parabola. 

265. If an orifice be made at any given distance from 

the top, and another at the same distance from the bottom, 
the liquid from both will strike at the same point. The 
upper starts with a velocity due to its distance from the 
top, and has a long distance to fall, while the lower jet has 
much greater velocity, but a short distance to fall. A jet 
in the middle sends the water to the greatest distance, for 
it combines inertia and gravity equally. 
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366. The volume discharged from any given orifice is due 
to the pressure at that point. Since this varies with the 
depth the greatest volume will be obtained 
from the lowest of several orifices. 



367. If the orifice haveabent tube placed 
in it so that the opening be upward, Fig. 
94, the jet will throw the water nearly to 
the height of the liquid in the vessel. 
That it does not reach the surface ia due 
to the friction of the orifice, and the re- 
sistance of the air. 



Fie. H. 




368. Springs. As water falls upon the surface of hills 
and mountains, it trickles through the surface soil until it 
reaches a stratum of earth that it cannot eater. It then 
flows along this impermeable stratum, constantly descend- 
ing. If the stratum comes 
to the surface at any point, 
as the stratum a does at S, 
»t ""- ^tS^^Ta-^^ Fig. 95, or so near the sur- 
^^ ' ^ >^ face that the water can break 

&^ through the soil, it flows 

T*-. n "^ out, forming a spring. 

""■ «■ 269. A Well is simply an ■ 

opening made to such an underground current of water. 
The water then flows in, filling the well to a point as near 
the surface as the pressure of the water will raise it. 

370: Artesian Well. If the water enter a porous stratum 
situated between two impervious strata, as a, between b 
and h, Fig. 95, it will then completely fill such a layer, and 
rise on each sideas high as its source. By boring a hole, 
and inserting a tube, the water will rise in the tube and 
flow from the surface, as at W, forming an Artesian Well* 
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271. The Hydraulic Ram, Fig. 96, is 
an instrument for raising a portion of 
a moving body of water by means of 
the momentum of the mass. It con- 
sists of a reservoir of water A and a 
descending pipe B with the end £ 
bent upwards. At the lower end E a 
*^' ^' valve is placed, closing upward, of 

such a weight that it remains open when the water is at rest, but 
closes when it has acquired a little momentum. An air chamber ^ 
D is connected to the descending pipe B by a valve opening up< 
ward, and has a small delivery pipe F opening from its lower part. 

372. The axjtion of the ram is as follows : the water 
flows through the pipe B until it has acquired sufficient 
momentum to close the valve at E. This suddenly stops 
the motion of the end of the mass, but the momentum of 
the portion in the tube raises the valve in the air chamber, 
and forces in some water, compressing the air. As soon as 
the water has all stopped, the valve E falls, and the op- 
eration is repeated. After a short time, the water rises in the 
escape pipe, and flows from the end in a continuous stream. 

273. This instrument will raise one-sixth of the water 
passing through it about ten metres for every metre of fall 
in the main pipe, neglecting friction. 

274. Water Wheels. Machines moved by the momentum 
of running water are called Water Wheels. The most im- 
portant are the Undershot^ the Overshot^ the Breast^ and 
the Turbine. 

275. The Undershot Wheel, Fig. 97, 

consists of a wheel carrying a series of 
floats, called buckets, attached to its 
rim, which dip into the water. The 
water flows beneath the wheel, and 
acts by its momentum. This wheel 
will utilize about thirty per cent, of the 
Fijf. 97. force of the water. 
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Fig. 98. 



276. The Orershot Wheel, Fig. 98, has the water sup- 
plied by a spout which passes over 
the wheel. It then pours into 
buckets of such a shape that the 
water is held until the bucket de- 
scends past the centre of the 
wheel, and these buckets must be 
sufficiently shallow to allow all 
the water to be poured out before 
the bucket begins to ascend. The 

water acts principally by its weight, and with this wheel 
seventy per cent, of the force has been used. 

277. The Breast Wheel, Fig. 99, utilizes both the mo- 
mentum and the weight of the wa- 
ter. It consists of a wheel fitting 
closely to a race-way, and the water 
pours over the dam at a point as low 
as the centre of the wheel. The 
wheel is carried forward by the mo- 
mentum of th« water as it pours 
into the race-way, and the weight of 
the water adds to the rate of motion. 

This wheel is less effective than the overshot, but can be 
made twice its diameter. 




Fig. 99. 



278. The Turbine is the most eflfective water wheel that 
has yet been devised. In some well conducted experiments 
at Lowell, Mass., it utilized about ninety per cent, of the 
power of the water. Of course, in practical use, the wheel 
falls far short of working with so small a loss as is indi- 
cated here, but making all due allowances, it will utilize 
about twice as large a proportion of the water's power as 
either of the other wheels. 

279. The experiment of Fig. 100 illustrates the principle 
of the Turbine wheel. 
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A tall glass cjUsdiv nearljr Blled 
with water V and having a stop- 
cook at L is floated upon the sur- 
face ot water. So loDg as the stop- 
cock la cloeed, tbe cylmder remains 
stationary: opening the stopcock, 
the water poura out, and the cyl- 
iadei slowly moves awaj from the 
I stream. The pressure at Brst was 
n all dH^ctions; after open- 
ing the orifice, the pressure' upon 
that side was diminished by the 
(^g 100^ amountduetotheareaof theopen- 

Ing, wlule that on the opposite side remained the same. Hence 
the greater pressure causes motion in its direction. 

280. Barter's Mill, or the reaction water wheel, is a 
modification of the above experiment. Fig. 101. It con- 

Xaists of an upright tube through which 
the water ascends, supplied from a spout 
which passes underneath the wheel, and it 
carries a horizontal tube at the top, with 
the ends bent in opposite directions. Th^ 
Pig. lOL pressure of the water upon the closed side 
of the tube exceeding that upon the other side by the 
amount due to the area of the opening drives the tube 
backwards away from the opening. 

281. In principle, the Turbine Wheel, Fig. 102, is a 
large number of tubes united together. It consists of a 

central portion GH divided into 
compartments by curved parti- 
tions, into which water flows from 
a flume. A rim AB is divided 
r^ into compartments by partitions, 
c, d, e, f, curved in the opposite 
direction to those which form the 
central portion. The rim is fast- 
ened to a plate which forms the 
Fig. MB. bottom or top of the wheel, and 




80 MECHANICS OF LIQUIDS. 

the plate is also attached to the shaft I. This rim, plate and 
shaft turn together, while the central partitions do not 
move. The water pours into the central portion, and flows 
thence to the rim, where it strikes the curved partitions at 
right angles and is stopped. Thence it falls through the 
bottom of the wheel by its own weight. 

283. Machines Moving through the Water. The most 
important of these are the Paddle Wheels and the Screw 
Propeller^ or Stern Wheeler. 

283. The Paddle Wheel consists of a wheel with float 
boards set in the rim, and is placed at the side of a steam- 
boat. It is driven by machinery within the boat, and 
propels the boat because the water resists its movement. 
If the water was a solid, its rate of motion would deter- 
mine the motion of the vessel. Since water is a liquid, it 
yields to the force of the wheel, and moves backward, so 
that the rate of motion of the boat is the difference be- 
tween the backward motion of the water and the distance 
traveled by any point of the wheel's rim. 

• 

284. The Screw Propeller is a short screw placed at the 

stern of the boat.' The water acts as the nut, and the ves- 
sel's rate of motion is the difference of motion of the screw 
and the water. The screw itself revolves, driven by means 
of a crank attached to the engine. The threads, usually so 
short as to make only a small part of a single turn, are 
thjee or four in number, and the ease with which the water 
moves away from them causes them to lose much of their 
efficiency. The screw is placed so as to be just below the 
surface of the water. Nearly all ocean steamers are now 
driven by the screw, and are usually known as stem wheelers. 
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CHAPTEB in. 

MECHANICS OF GASES. 

285. When the repulsive force has so increased as to 
exceed attraction, cohesion is overcome and the body be- 
comes a gas. The distinctive properties of gases result 
from the excess of repulsion. The most important are 
Unlimited Expansibility^ and Compressibility, 

286. The Expansibility of gases may be shown by 
placing a small bolt head, Fig. 103, containing 
a little air, under the receiver of an air pump* 
and exhausting the air. The air in the bolt 
head expands and nearly fills the bulb and 
tube, so expelling the water m it previously. 

287, Expansion is without limit, for if 
Fig. 103. a receiver be exhausted as completely as possi- 
ble, the small amount of air remaining tills every part. 
Or, if a large receiver be exhausted and a small flask of 
some colored gas be opened in it, the colored gas may be 
seen in every part of the receiver. 

288, A variety of experiments may be performed that 
depend upon expansibility. A shrivelled apple covered 
with a receiver and the air exhausted, becomes distended. 

289, If a minute hole be made in the small end of an 
egg, and the egg be then placed, hole downward, in a coni- 
cal glass, upon exhausting the air, the egg will be forced 
out of the shell through the hole. When the air is read- 
mitted, nearly all the egg will be forced back into the shell. 

*8ee Section 300. 
N. P. 6. 
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390. The Force of expansibility may be shown by tak- 
ing a cube of thin glass, corking the neck 
tightly, covering it with a wire cage to pre- 
vent accident, and placing the whole under a 
small receiver, Fig. 104. Exhausting the air 
reduces the cube to fragments, 

391. The kinetic theory furnishes an ex- 
Pig. 10*. planation of the expansive force of gases. 
Each molecule of a gas b moving forward, according to 
the first law of motion, with inconceivable rapidity.* So 
long as the pressure of the gas is the same upon both sides 
of any vessel, its inner and outer surfaces both receive the 
same number of blows from the moving molecules in any 
given time, as one second. But exhaust the air from one 
side, and that surface receives a much less number of blows, 
and this difference of mechanical work done by the moving 
molecules is manifested by the difference of pressure, so 
that an exhausted body is pressed inwards by the surround- 
ing air. Were the exhaustion perfect, no molecules would 
reach the exhausted surface, but it falls far short of this 
perfection with the apparatus now in use. 

292. On the other band, gases are perfectly compressi- 
ble, vrithin moderate limits. The fact of compressibility 
is readily shown by pressing an inverted glass vessel down 
into water. The water rises in the vessel by compressing 
the air, in proportion to the distance below the surface. 

393. Gases subjected to great pressure have their elas- 
ticity overcome, and become liquids or solids. In some, as 
chlorine, a moderate pressure suffices. In others, as oxy- 
gen and hydrogen, a great pressure, as much as four huu- 

•On the Unftie theory, "one cable inch ol eyery gu, when the barometer 
nurks 30 Inches, and tlis thermometer 32° Pfthr.. coaulng ten twenty-third 
power molecnlefl. Mesn Telocity of hydrogen moleonlCB, under the same con- 
dttionB, e,i»7IeetpeiBecond,"— Cooke'eNewChemlitry, P. 13. 
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dred atmospheres* is required, and to overcome the heat 
produced by the mechanical power used in compression, 
the greatest artificial cold must be employed. 

294. Condenser. The increased elasticity of 
compressed gaaea may he shown by experiments 
with the Condenser, Fig, 105. 

This consists of a stronfj; cjlinder vitb a. solid piston 
fitting air tlglit. A valve in the lower end doses when 
the piEton descends and opens as it ascends. A valve in 
the tube connecting with the chamber opens downwards, 
a aUowing the air to be forced ont'bjtka descending 
piston, but preventing its retnm. The 
condenser is screwed into a Condeneing 
Chamber, Fig. 106, and the ail 
densed by moving the piston back and 
forth. Upon opening a stop-cock the air 
rashes violently out because of its 

295. The force of condensed air is 
ng. 106. shown by attaching an air gun with ^- 1**- 

a cork in the end, to one of the stop-cocks of the condens- 
ing chamber. Upon opening the stopcock the condensed 
air forces the cork out. 

296. The pop gun acts in the same way, the piston con- 
densing the air when it is fired. 

297. By attaching a Barker's Mill with 
very email openings. Fig. 107, to the con- 
densing chamber, the escaping air will 
force it around at a rapid rate. 

Sbctioh I. — The Athosfhebe. 

398. The existence and inertia of the air are shown by 
a variety of common experiences. The resistance offered 

*See Seotton 31*. 
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in nuLDing; tbe effect of the wiod; uad the current of air 
produced by fanning are all proofs of the inertia of the air. 

399. The Atmosphere consists of a mixture of about 
four parts of nitrogen with one part of oxygen. Some 
other gases are usually present in small quantities. That 
the air is a mixture is shown, experimentally, by mixing 
tbe two gases in the above proportion, when the mixture 
will show all the properties of the air. But the decisive 
proof is that water absorbs the two gases ftom the air, not 
ill tbe proportion in which they make it up, but in the 
proportion in which it absorbs them from the pure gases. 

SOO. The Air Pomp. Tbis Instrument, shown in Fig. 108, cou- 
aists of a cjlinder in whicli a piston moves air tight. A valve at 
the bottom ol the cylinder opens npward, so that air can pass up 




Fig. 108. 

but not return. The piston also has a valve opening upward. 
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and an addltioniU. valve is often placed at tlie top to prevent the 
external air from roshing in above the piston as it descends. A. 
small pipe connects tbe cylinder with a metal plate groimd so 
th«t a glass receiver can be placed upon it, und fit air tight, to cover 
any article from which the air is to be exhausted. A thread is obu- 
ally cat in the hole in the plate where the pipe enters, so tbat 
pieces of apparatus can be screwed to it, as for example, a gallows 
connector to operate the upward pressure apparatus. 

The action of the pump is as follows: as the handle is depressed, 
the piston is raised, opening the valves in the cylinder, and closing 
tbe valve in the piston. The air in the receiver is then expanded 
to lill the space of the receiver and the cyUnder. Wlien the pis- 
ton reaches the top and is again depressed, the valves at the bottom 
and top of the cylinder close. The air is thus prevented from 
returning to the receiver, and is soon compressed beneath the 
piston sufficiently to open its valve and rush np through the pis- 
ton. In this way, the air is soon exhausted until it becomes too 
rare to raise the valve, when the action ceases. 



801. The Rotary Air Poni]^ 

Several improvements _ have 
been made in the air pump late- 
ly which have been combined 
in the Rotary Aii' Pump, Fig. 
109. In this, the motivepower 
is applied to acrank and heavy 
balance wheel, so allowing of 
very rapid exhaustion. Besides, 
the valves are made to work 
automatically by the device 
shown in Fig. 110, which is a 
perpendicular section of the 
piston and cylinder. The valve- 
at the bottom is made as a cyl- 
inder with conical head, and a 
rod is attached which moves 
through the piston with just 
snfBcient friction to raise and 
open the valve as the piston 
begins to ascend. Wlien it 
^s- ^''*- reaches the top, it touches a 

lever which closes the valve at the bottom of the cylinder hetoro 
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theptatondesoenda. Be- 
sides, the valve in the pts- 
toQ itsetl is opened and 
closed b7 its own motion, 
tor as the piston begins 
to descend, the rod la de- 
pressed a little so that the 
air can rush up around it. 
When the piston beginB 
to rise, the conical lower 
end ot the rod closes the 
opening in the piston. 
By these means, the ex- 
haustion Is rendered 
much more complete than 
with the ordinary pomp. 



303. The Downward 
*^- "1^ Pressure of the air is 

proved by the bladder glass, Fig. 111. This 
conaists of a strong receiver open at both 
ends, with a piece of bladder tied tightly over 
one end and dried. The other end is then 
placed upon the plate of the air pump, and 
the air exhausted, when the bladder is forced *^- "'■ 
down by the pressure of the air. At first it bends inward 
from the pressure, and soon it bursts with a loud report. 
If the end is covered with rubber in place of a bladder, the 
rubber will often be bent inward until it fills the glass 
completely. The large end of the glass may also be placed 
.upon the plate of the pump, and the small end covered 
with tlie band, when the pressure of the air will prevent 
the removal of the hand. 

303. The Upward Pressnre is shown by a variety of 

familiar experiments. If a small glass tube be filled with 
water and the upper end closed with the finger, the upward 
procure of the air will keep the water in the tube. But 
the most convincing way in which it is shown is by the 
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Fig. 112. 



weight lifter, Fig. 112. This con- 
sists of a strong glass cylinder 
with a piston fitting air tight, 
which carries a heavy weight, the 
whole being supported by a stand. 
A ground metal plate is placed on 
top, and connected to the air pump 
by a rubber tube. Exhausting 
the air above the piston, the up- 
ward pressure of the air raises the 
piston and weight, and will carry 
an amount equal to as many times 
fifteen pounds as the area of the 
piston contains square inches. 



304. The Magdeburg Hemispheres, Fig. 113, consist of 

two metal hemispheres, whose edges are 
ground so as to fit air tight. A little tallow 
is placed between them, one of them screwed 
to the plate of the air pump by a stop-cock, 
and the other placed upon it. The air is then 
exhausted as completely as possible, and the 
stop-cock closed; they are then removed from 
the pump, and a second handle attached to 
the stop-cock. A considerable force is re- 
quired to separate them, because the air 
presses upon them from all direcctions. It ^»- ^^3. 
is said that a pair of hemispheres two feet in diameter over- 
came the force of eight horses, four pulling in each direction. 

The pressure of the air in all directions has been applied 
to operate brakes for stopping railroad cars very quickly. 
A pair of boards connected by leather or rubber made air 
tight, are ordinarily kept apart by a spring. A tube con- 
nects them with an air pump placed upon the engine, which 
exhausts the air when it is desired to apply the brake. The 
pressure of the air upon the boards forces them together. 
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806. A varletyof other experiments may be per- 
lormedwlth the air pump, but all depend upon 
the principles already proved. One of the moBt 
pleasing is the vacuum fountain, Fig. 114. A tall 
receiver with a Btop-cock, and jetinaide, is screw- 
ed to the pump and the air exhausted. It is then 
removed, tlie stop- cock placed in4 vessel of water 
and opened. The pressnre of the air upon the 
Borrouading water forces it to the top of the re- 
ceiver in a jet. 

306. The Bnoyancy of the Air is shown 
by the apparatus of Fig. 115. A hollow 
globe 13 accurately balanced 
by a weight of lead. Now 
I closing the stop-cock, plac- 
Fig. lit ing this under a large re- 
ceiver and exhausting the air, the 
descends, showing that it is now h 
than the weights. The reason is that each 
is buoyed up in air by an amount equal to 
the weight of the air it displaces, but as 
the globe displaces more than the bal- 
ancing weight, it loses more weight. 
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307. Upon this principle, bodies weighed in air lose a 
part of their weight, and all accurate weighing must be 
done in a vacuum. So also a light body of given weight 
contains more matter than one more dense, but which 
weighedin air seems to have the same weight. Oragramme 
of feathers is actually heavier than a gramme of lead, be- 
cause the lead contains more matter in the' same volume, 
and is to that extent less porous. 

The pores of solids may be shown readily by immersing 
a small piece of pine wood in a dish of mercury, covering 
it with a receiver and exhausting the air. Upon readmit- 
ting the air, mercury enters the pores, and can be seen with 
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the eye. A clean, cut across the pores with a knife shows 
a surface like silver. 



308. Balloons. The buoyancy 
of the nir causes the rise of bal- 
loons. A Balloon, Fig. 116, ia a 
pear-shaped sack made of strong 
oiled silk, and filled with some 
gas nluch lighter than the air. 
Hydrogen is the lightest gas, but 
coal gas is usually employed, be- 
cause much cheaper than hydro- 



309. Since the balloon dis- 
Fig. lis. places air of greater weight than 

itself, it will rise, and wUl take with it a car or basket 
canying considerable weight. A yalve at the top can be 
opened by a rope in the car, so allowing the gas to escape 
when the persons wish to descend; and to increase the 
ascent, bags of sand are thrown out, thus diminishing the 
weight carried. The car itself is snspended by a netting 
passing over the balloon, thus pressing upon all parts 
equally. 

310. The Parachote is sometimes attached, to allow of 
a safe descent in case of accident. This consists of a " large 
umbrella," which by the resistance of the air through 
which it mOTCs, prevents too rapid descent. A funnel is 
placed in the centre, so that the condensed air can pass 
through iu place of causing the parachute to rock from 
side to side. 

Balloons were at^rst inflated by placing a fire under an 
opening at the bottom and allowing the heat to rarify the 
air within. These fire balloons are no longer used because 
exceesirely dangerous. 
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Section II. — Barometers. 

311. Barometers are instruments for measuring the 
downward pressure of the air. Since gases move even 

more readily than liquids, the pressure at 
any point must depend upon the number of 
layers of air above that point. 

312. Torrieelli's Experiment. Fig. 117. 

If a glass tube more than 760 millimetres 
long, with one end closed, be filled with mer- 
cury and inverted in a vessel of mercury, 
the mercury will fall, leaving a vacuum in 
the upper part, but will remain in the tube 
to the height of about 760 millimetres. The 
space between B and n represents the vacuum 
This experiment was first performed by Tor- 
ricelli, a pupil of Galileo, and he explained 
the phenomenon. 

313. The mercury is held in the tube by 
the pressure of the air upon the surface of 
the mercury in the vessel, and it leaves a 
vacuum in the top because the weight of the 

Fig. 117. column extending to the top of the tube 
would exceed the pressure of the air. 

314. Pascal's Experiments. To confirm Torrieelli's ex- 
planation, Pascal performed two distinct experiments. 
Perceiving that if the air holds the mercury in the tube, it 
must stand at different heights at different places, he car- 
ried the tube to an elevation. As he expected, the mercury 
fell, and the column diminished with the elevation. 

315. Pascal further reasoned that other liquids should 
be held at heights differing inversely as their specific grav- 
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ity. Making the experiment with water he found that the 
air would hold a column thirteen times as high as the col- 
umn of mercury. He also tried other liquids, as wine, and 
alcohol, and found the principle correct. 

316. This principle affords a means of determining the 
pressure of the atmosphere. For a column of mercury 

760 millimetres, or 30 inches, in height, 
having an area of one square inch, weighs 
about fifteen pounds. This then, must be 
the weight of a column of air of the same 
area, and extending to the top of the atmos- 
phere. This is called an atmosphere^ and is 
often used as a unit in determining pressures. 



317. The Cistern Barometer, Fig. 118, 

consists of a tube closed at one end, and used 
as in the Torricellian experiment. The di- 
ameter of the tube must be nearly one cen- 
timetre, to overcome capillarity, and even 
then the surface of the mercury is slightly 
depressed by this force. The tube must be 
exactly perpendicular, and a scale is placed 
at one side, divided into millimetres, or inches 
and tenths of an inch. A vernier* is also 
added, reading to hundredths of an inch. 
This instrument is liable to error, for differ- 
ence in the height of the mercury in the tube 
causes a difference of level in the cistern, 
which is the zero of the scale. Since the 
variation in the height of the mercury is 
small, the scale is omitted except near the 
top. A thermometer at the side of the tube 
indicates the temperature. 



Fig. 118. 



*A yemier is made by taking nine or eleven parte, as nine or eleven tenths 
of an Inch, and dividing the space into ten equal parts. Then each division 
varies one-tenth from the original scale. 

B 
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318. FortJn's Barometer is used in 
all accurate work. Fig. 119. It cou- 
sbts of a tube and cistern, as in the 
cistern barometer, bat the bottom of 
the cistern is made of leather, so that 
it can be raised or lowered by a screw C, 
An ivorj' point a ia pluced at the top 
of the mercury in the cistern, and be- 
fore reading the height of the barome- 
ter, the mercury ia brought by the screw 
exactly to this point. This barometer 
is usually placed in a brass case, and is 
hung by a ring, so that it is always per- 
pendicular. 

319. The ADeroid Barometer con- 
sists of a hollow metallic box, the top 
corrugated, from which the air has 
been exhausted. A change of pressure 
changes the volume of the box. A se- 
ries of levers connects the top of the 
box to an index, and the graduation is 
usually made by experiment, to agree 
with the mercurial barometer. This is 
the most delicate barometer known, a 
difference of elevation of one metre 
producing a change in the reading. 



320. Causes of Tarlation in the Buvmetric Hel^t 

The normal pressure of 760 millimetres is the height of 
the barometer at the level of the sea. Hence, going inland, 
the height of the barometer will vary with the elevation of 
the point above the level of the sea. This allows the instru- 
ment to be used in determining the height of mountains 
above the sea level. 

321. Besides this,' many causes proauce a variation of the 
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height at the same place. An increase of moisture in the 
air usually diminishes the pressure and causes the barome- 
ter to fall. Such a change then indicates an approaching 
storm. Sudden variations in the height indicate violent 
currents in the air. These are some of the more itnportant 
causes of variation. 

Section III. — Boyle's Law. 

332. The law which governs the compressibility of gases 
was discovered both by Boyle and by Mariotte. For this 
reason it is sometimes named from one discoverer, and 

sometimes from the other. 







Fig. 120. 



323. Mariotte's Tabe, Fig. 120, is used to 
determine the law. This consists of a strong 
glass tube, one end closed, bent in tlie form 
of a U, but vith the open arm much longer 
than the other. It is then fixed to a stand, 
which is graduated to miUimetres, or feet 
and inches. 

324:, To use the apparatus, mercury 
is poured into the tube so as to seal the 
bend, and stand at zero in both arms. 
This confines the air in the short arm, 
and the pressure is one atmosphere 
upon each. Mercury is then poured 
into the longer arm until the volume 
of the confined air is reduced one-half. 
This is found to be 760 millimetres, or 
one barometric height, so that the con- 
fined air sustains a pressure of two at- 
mospheres. An addition of another 
atmosphere reduces the volume to one- 
third. Hence the law: The volume of 
r/ases varies inversely as the pressure. 
This can also be readily proved for di- 
minished pressure. 
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835. This law is tme for moderate pressures only. If 
aeveral tubes be filled with 
different gases, Fig. 121, and 
great pressure be applied by 
means of a force pump, for a 
time the gases seem to vary 
according to tliis law. But a 
point is reached with each gas 
beyond which it diminishes 
more rapidly than the law de- 
mands. The reason of this 
probably is that the gas is then 
approaching the point where 
it becomes a liquid. Perhaps 
cohesion is already beginning 
to act, so adding its force to 
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the force of compression, 
4 
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336. Muwineters are instruments formeas- 
uring the pressure of confined gases, as steam 
in a boiler. They are of two kinds, Opmt 
Air, and Compressed Air. 

327. The Open Air Manometer, Fig. 122, 
consists of a long glass tube B placed per- 
pendicular. The lower end ia bent into the 
shape of a U, and connected with a bulb A 
containing mercury. The tube C connecting 
the instrument with the gas whose pressure 
is to be measured opens above the mercury- 
When the pressure is one atmosphere, the 
mercury stands at the same height in the 
bulb and in the tube. As the pressure in- 
creases, the mercury rises in the tube, each 
760 millimetres indicating an additional at- 
mosphere. 

338. The Hanometer with Comiovssed 
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-Air, Fig.: 



a strong glass tube full of air, with one 
end closed and the oth- 
er dipping beneath the 
surface of mercury in 
a strong iron ves-sel. 
A tube supplies the gas 
whose pressure is to be 
measured, shown in the 
fi^re connected with 
a powerful condensing 
pump, above the sur- 
face of the mercury. 
When the pressure is 
Fig. 1*1. one atmosphere, the 

mercury stands at the same level in the iron cistern and in 
the tube. When the pressure is two atmospheres, the con- 
fined Mr is reduced to one-half its original volume. Three 
atmospheres reduces it to one-third, and so on, according to 
Boyle's Law. 




339. Thb Stoun Goag^ as commonly used to measure 
the pressure of a boiler, consists of a spring attached to a 
closed box. The steam presses against the side of the box 
and bends the spring. A lever and index attached to the 
spring show the amount of bending, that is the pressure. 
The instrument is graduated to agree with the Open Air 
Manometer. 



Since the heat of the steam destroys the temper of the 
spring when it acts upon it directly, guages are generally 
so connected to the boilers, that a column of cold water 
stands in the connecting pipe. The steam presses upon 
the water, and by Pascal's law, the pressure is transmitted 
to the spring undiminished. The column of water may be 
placed vertically, or in any other convenient position, and 
it may be bent into any desired shape. 
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SEcnoK IV. — ^Apparatus Depending upon Gases. 

330. The principles developed in the preceding sections 
are applied in many different instruments. Only the more 
important are here mentioned. They may act either by 
means of compressed air, or any other gas may be used in 
the same way. Thus, in many chemical works, the acid 
liquids are pumped from one vat to another by closing the 
top and condensing the air above the liquid. This presses 
it into a pipe opening below the liquid. But in the soda 
fountain, the pressure which drives the liquid out is ob- 
tained by condensing carbonic anhydride above the water. 



881. Hero's Fountain, Fig. 124, consiBts 
of two hoUow glass globes whose upper p<»- 
tions are comiected by a tube. A pan con- 
nected with the lower globe by a tube is 
placed above the upper globe. This tube 
should reach very nearly to the bottom of 
the lower globe. A jet is placed in the pan, 
connected with a tube reaching neurly to 
the bottom of the upper globe. The air in 
both globes TnaiutpainB the same density. 

332. To use the fountain, the jet is un- 
screwed, and the upper globe nearly fill- 
ed with water. The jet is then replaced, 
and water poured into the pan. This 
flows down through the tube into the 
lower globe, so compressing the air in 
that and the upper globe. The elas- 
ticity of the compressed air forces the 
water in the upper globe out through 
the jet. Disregarding firiction and the 
resistance of the air, the water will rise 
through the jet to a height above the 
surface of the water in the upper globe 
equal to the distance between the level 





Fig. 124 



of the water in the pan and that in the lower globe. 
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333. The Siphon, Fig. 125, is a bent tube with one leg 
longer than the otb' 
er. It is first filled 
with the liquid to 
be moved, or the air 
exhausted, and then 
the shorter leg is 
placed in the liquid. 
The differe nee in the 
weight of the liquid 
_ inthetwolegscaua- 

pig. 155. ea it to flow from the 

longer leg. and the pressure of the air upon the surface of 
the surrounding liquid keeps the short leg constantly full. 
The short leg can never exceed in length the height of a 
column of the liquid whose weight equals the pressure of 
the air. With water, this is about ten metres. 

334. The siphon is used in transferring ncids from one 
vessel to another; in passing liquids into cellars where the 
containing cask will not enter; and in moving water over 
the top of low hills. 

335. The siphon explains the variation in the flow of 
- intermittent springs. A cavity in the rock, whose discharge 

is shaped as a siphon, becomes filled with water above the 
bend. The discharge then commences and continues until 
the liquid is drawn below the orifice. It then ceases, to 
commence t^ain when the water has once more risen above 
the bend. In some springs, this only varies the volume. 

336.*11ie Suction Pninp, Fig. 126, at the left, is simply 
a rough made air pump, the piston and all the parts being 
made in the same way. The water is raised to the lower 
valve by the atmospheric pressure upon the surrounding 
water. Hence its distance from the surface can never ex- 
ceed ten metres. 
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337. The Fordng Pomp, Fig. 126, on tKe right, raises the 
water to the lower valve 
by the pressure of the at- 
mosphere. The piston is 
solid, and a dischai^ pipe 
containing a valve open- 
ing upward, is placed at 
one side of the cylinder, 
and opens into it near 
the lower valve. Pressure 
upon the piston forces the 
water up the discharge 
pipe. 

To render the stream continuous, an air chamber, shown 
as a glass globe, is usually added, in which the upper valve 
is placed, and the discharge pipe opens near its bottom. 
The water is forced into this chamber by the piston, com- 
pressing the air, which by its elasticity forces the water 
out in a continuous stream. 

83^. The Fire Engine, when worked by hand, is simply 
a double force pump, with a single air chamber, and one 
discharge pipe with narrow nozzle. 

The Steam Fire Ei^ine is a large force pump driven by 
a steam engine. 

889. Tbe DiTlng Bell ia a solid iron bell open at the bottom, 
Fig. 127. The water enters underneath until it 
oompresaes the air to au amount equal to Its own 
prenaore. Tlie supplj of air can be inoreased 
by the aid of a condeneer and supply tube un- 
til the 'WBt«r ia entirely forced out trom beneath. 
In this way, the earth under waterls readily ex- 
posed tor examination by the persons inside 
the bell. It ia often used in laying the tounda. 
Fig 137 tioEH of bridges, and in submarine masonry. 




BOOK IV. 

THE UNDULATORY FORCES. 

340. For a discussion of the nature of the Undulatory 
Forces, see Book II, Chapter II, page 40. They will be 
treated in the following order, Acoustics^ Heat^ Optics^ and 
Electricity, 

Pabt I. — ^Acoustics. 

341. Acoustics treats of the production, propagation, 
laws and effects of sound. The term sound is used indefi- 
nitely, to mean the sensation which we call a sound, or its 
cause. The two are, however, logically, distinct. 

342. A sonnd is the effect produced upon the ear by 
vibrations of an elastic body, carried to the ear by some 
transmitting medium. Hence, to produce an audible 
sound, all of these must be present. 

The term sound is also used conveniently for the undu- 
lations of the transmitting medium. It is so employed in 
the following discussion. 

848. That vibrations of a sonorous body produce sound can be 
shown by either of the following experiments. Partly fill a glass 
vessel with water ; the surface remains at rest. Cause the vessel 
to give a sonnd, either by striking it, or by drawing a violin bow 
across the edge, and the water is thrown into waves. 
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844. Or, suspend seTeral pith balls exact- 
ly in contact with an empty glass vaae. Fig. 
136. Causing this to produce a sound, 
though the vibrstloiis may not be suffi- 
ciently intense to be seen readily, the pith 
balls are always kept at a little distance. 

315. To show the Decassity of a 

ng. iM. transmitting medium, a bell suspended 

by a string is placed upon the plate of the Air Pump. It 
is then covered by a receiver which has a sliding rod, so 
that the bell can be rung without admitting the Mr. After 
exhausting, the bell can scarcely be heard. Perfect ex- 
haustion would remove all sound. Hence, without a trans- 
mitting medium, there caji be no sound. 

346. The medium by which sound is transmitted may 
be solid or liquid, as well as gaaeous. For, placing the ear 
at one end of a long pole, a slight scratch upon the other 
is heard as plainly as though made at the ear itself. Or, 
two stones brought together under water can be heard by 
a person in the water a mile distant. So water pipes filled 
with water have been used as a means of communication 
between places seiferal miles apart, and words spoken at 
one end have been distinctly heard at the other. 

317. That an ear must be present to receive the sensa- 
tion of sound, requires no proof. The essential part to 
receive the sensation is the nerve of hearing, as is shown 
by the audiphone, in which the undulations are conveyed 
to the bones of the head through the teeth and thence to 
the nerve and are heard, aa though received by the ear. 

348. The vibrations of the sonorous body produce cor- 
responding vibrations in the transmitting medium, which 
extend in all directions. That is, each vibration in the 
sonorous body develops a similar vibration in the medium 
in every direction. Hence each vibration in the medium 
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is a sphere, and a series of successive vifo^^iioiis becomes a 
series of concentric spheres whose common tJ^ntre is the 
sounding body. 
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349. Effect upon the Medium. The vibrating body p;ft)- 
duces a series of condensations and rarefactions ml the* 
transmitting medium. This is well shown by consideriii^ . 
only a small section of the surrounding air, as the»amount . 
contained in a cylinder. 

Let P, Fig. 129, represeixt 
the vibrating body. As it 
moves forward it reaches a, 
compressing the air in front 
to a certain distance, as H. 
Kg. 129. Its elasticity then moves it 

back to its original position, and its acquired velocity carries it to 
an equal distance to the other side, rarefying the air. But the 
condensation continues to move forward at a uniform rate, so 
reaching H' when P reaches A. So there is a condensation at H' 
and a rarefaction at H. This operation is repeated constantly so 
producing a series of condensations and rarefactions. The condi- 
tion of the air in the tube weU represents the changes in the 
entire surrounding medium. 

350. TyndalFs Tube. The movement of the molecules of 
air in sound is in the direction in which the wave is mov- 
ing, or longitudinal. This can be determined readily by 
the principles of motion, and the theoretical discussion is 
proved experimentally by TyndalVs Tube^ Pig. 130. 

This is a tin tube 
three or four metres 
long, and about one 
decimetre in diame- 
ter, with one end 
J^-180. conical. A lighted 

candle is placed so that the axis of the open cone is directed upon 
the flame. Bringing two books in contact at the opposite end 
produces a pulsation, and puts out the flame. That no air is 
driven through the tube is shown by filling it with smoke, none 
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of which leAYW'pA tube when the flame is extinguiflhed. Henoe 
Bound moYQft Jt>y ft pulBation. 

•/••/•Division 1. — General Peikciples. 
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'851. The principles of Acoustics consider two general 
.-/iHjh^cts, the Laws which govern the movements of the 

If k^ ^ 

.\;".", molecules of the transmitting medium, and the Effects pro- 
" :*• duced bjr interposing some surface. 



CHAPTEB I. 

LAWS OF MOTION. 

352. Sounds moving through a transmitting medium 
differ in two respects: the distance tha.t a single molecule 
moves may vary:, or the rate at which the condensation 
and rarefaction, that is a complete vibration, advances may 
vary. The former determines the intensity of the sound: 
the latter, the velocity. 

Section I. — Laws of Inteksity. 

353. The Intensity of a sound varies with the distance 
of the sounding body, the distance to which each molecule 
moves, and the density of the air. It is governed by the 
following laws: 

354. I. Since sound is a radiant force, and is propagated 
in all directions in concentric sphei^es, it must vary as the 
surfaces of spheres vary. In ^other words, the intensity 
of sound varies inversely as the square of the distance of the 
sonorous body. 

355. The law of intensity cannot be readily proved with 
scientific accuracy. But it may be demonstrated exppri- 
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mentally, so as to indicate the principle involved, by means 
of two bells which give the same note. Let one be placed 
at twice the distance from the ear of the other, and equal 
blows be struck upon each, the nearer one seems much 
more intense than the other. But if the blow upon the 
more remote be four times the intensity of that upon the 
nearer, the ear distinguishes no difference in the intensity 
of the two sounds. 

356. II. The intensity of sound varies as the distance 
that each molecule of the vibrating body moves. This is 
readily shown by vibrating cords of considerable length; 
the further the cord is made to vibrate, the louder is the 
sound. 

357. III. The intensity of sounds depends upon the den- 
sity of the air. The truth of this is proved by the bell 
under the receiver; as the air is exhausted, the sound be- 
comes more faint. So too, sounds are much less distinct 
upon an elevation than at the surface of the sea. The 
report of a pistol fired upon "Mont Blanc does not much 
exceed that of a cracker fired in the valley below. 

358* The intensity of sound varies with the state of the 
air^ and the direction of the wind. A sound is always heard 
further in a calm, day than when the wind is strong. In 
the latter case, it is heard further in the direction towards 
which the wind blows, than in the opposite direction. The 
presence of visible clouds, or even invisible vapor,* seems 
to afibct the intensity of sounds. 

359. Sound too seems to move more readily in air of 
uniform density than in that which is variable. Besides, 
it passes much more readily to that which is less dense 
than to that which is more dense. Nearly all have ex- 
perienced the great difficulty of making persons at the 

*TyndaU*s experlmexit9. 
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foot of a lull hear the sound of the human voice, though, 
every word spoken by them was heard distinctly. 

360. Means of Strengilieniiig Sounds. The intensity of 

a sound is increased by the proximity of a sounding body, 
provided the body, or the column of air which it contains, 
can vibrate at the same rate as the sonorous body. The 
reason is that each molecule of the air is moved by the 
original source of sound, and by the body which increases 
the intensity, independently of each other. . The distance 
that each molecule moves is the sum of these distances. 

861. Savart's Apparatus well illustrates the strengthening of 

sound, Fig. 131. A bell is 
made to vibrate by drawing 
a violin bow acrqissits edge. 
A cylinder tuned in unison 
with the beU is placed at its 
side. When the open mouth 
of the cylinder is turned to- 
wards the bell, the sound is 
FiK. 131. much louder than when it 

is turned away, and the difference is very marked. 

362. The Diapason, Fig. 132, illustrates the same point. 

It consists of a tuning fork, and a sound- 
ing box. When the fork is removed from 
the box, the sound is scarcely audible; but 
when attached to the box, and the open 
end turned towards the ear, the sound is 
much louder. The reason is that the col- 
Fig. 132. umn of air in the box vibrates in the same 

time as the fork, and each source of sound acts upon the 
air, which receives the impulse of both. The sounding- 
board of a piano, or of a viol, acts in the same way. 
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Section II. — Velocity of Sound. 

363* DeflnitioiL The distance that a single sound wave 
will travel in a given time is the velocity of sound. It has 
been deteriAined experimentally, not only for air, and for 
other gases, but also for liquids and solids. As should 
be expected, it varies both with the density, and with the 
elasticity of the medium. 

364. To determine the velocity of sound experimentally, 
a sound is produced at a given instant, and the time which 
passes before it is heard at some point whose distance has 
been accurately measured is noted. This method has been 
employed in solids, liquids and gases. 

365. L Telocity in Gases. The most accurate measure- 
ment of the velocity in air was made in 1823, by Moll 
and Van Beck, near Amsterdam. Two hills nearly eleven 
miles apart, were selected, and a cannon fired upon each. 
Light may be assumed to move that distance in an infinitely 
short time, so that the flash of the gun appears instantly. 
The length of time that elapsed before the sound was 
heard enabled the velocity to be calculated by dividing the 
distance by the time. These experiments gave 303 metres* 
per second, nearly, as the velocity of sound. 

366. It has since been found that these results are some- 
what varied by the density of the air. Loud sounds also 
travel at a somewhat more rapid rate than those which are 
low. It also seems probable that the rate at which sound 
travels is materially varied by the presence or absence of 
foreign substances in the air. Vapor, for example, appears 
to retard its rate. Besides, the rate is different on a calm 
day from that of a day when the air is moving rapidly. 

367. The effect of wind in retarding and accelerating 
sound is easily explained. If a sound is traveling towards 

no93feet. 
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the wind, the molecules of air move a slightly less distance 
than they do when moving away from it. In the first 
case, their distance is the difference between their own ve- 
locity and that of the wind: in the second, the sum of the 
two velocities. So a sound will travel quicker away from 
the wind, and also farther. 

368. Doppler's Principle. In a similar manner, if a 
person is approaching a source of sound, his ear receives a 
larger number of waves than when he is stationary, or 
moving away from it. This is known as^Dopple/s Prin- 
ciple. It is well illustrated by the whistle of a locomotive. 
When the engine is approaching, the whistle seems to be 
set upon a higher key than after it has passed. 

369. The velocity of sound in other gases has been de- 
termined experimentally by using long tubes, and also by 
the note organ pipes give when filled with the gases. No 
gas shows any very great variation from the rate of motion 
in air. Yet all accord with the principle of variation of 
density and elasticity, as sound travels faster in those which 
are more rare. 

370. n. Telocity in Liquids. Since liquids are more 
dense than gases, and are also more elastic in proportion to 
their mass, sound should travel at a proportionately greater 
velocity. This theoretical determination has been con- 
firmed by experiment. 

371. CoUadon and Sturm investigated the velocity in 
water, in the year 1827. Two boats were moored at a known 
distance from each other, on Lake Geneva. Persons on 
one of them rang a bell, and the time required for the 
sound to reach the other was carefully noted. This method 
proved the rate of motion to be more than four times the 
rate in air, about 1432 metres.* 

♦4708 feet. 
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372« As in the case of gases, the velocity varies with 
the density of the liquid, and also with the temperature. 
Thus the rate in sea water is greater than in fresh, and a 
saturated solution of salt gives a still higher rate, while in 
ether, the sound moves slower than in water. 

373. in. Telocity in Solids. Solids are still more dense 
than liquids. They do not, however, show so great an in- 
crease in elasticity over liquids as the latter do over gases. 
Yet, as should be expected, solids transmit sounds with the 
greatest rapidity. Thus iron has been found to convey 
sounds about nine times as rapidly as air. 

374. The difference between the transmitting power of 
gases and solids was clearly shown by Biot. A bell was 
struck at the end of an iron tube 981.4 metres long,* and 
two distinct sounds were heard, one transmitted by the 
metal of the tube, and the other by the air. Sounds travel 
much further through the earth than in the air, for the 
same reason. Thus the Indians will recognize the steps of 
horses at a great distance by putting the ear to the ground. 



CHAPTER n. 

THE EFFECT OF SURFACES. 

375. When sound waves reach the surface of a body 
whose density is different from that in which the waves 
are moving, either of three things may occur. The sound 
may be stopped by the body, either at the surface itself, 
or before it has moved very far in the body. In this case, 
the motion of the molecules is changed from a longitudinal 

*3iaofeet. 



movement to motion of a different kind. This case requires 
no special consideration. It is illustrated by the effect of 
filled floors, or of partition walls, in deadening sound. 

376. When the sound is not destroyed, it may be Trans- 
mitted, or pass through; or it may be Beftected, or turned 
back from the surface. 

SxcnoiN I. — RrEPRAcnoN op Soitndb. 

377. Wben a sound enters a medium of different density 
from that in whicli it bos been moving, at any angle ex- 
cept a right angle, the direction in which the wave moves 
is changed. This bending takes place at the surface of the 
new medium, and is called Refraction.* 

378. Sondhanss' ExperimenL The refraction of sound 
was proved experimentally by Sondhauss, Fig, 133. He 

constructed a large lens 
out of a collodion bal- 
loon, and filled it with 
carbonic anhydride. 
He then placed a watch 
at one focus, and its 
ticking was then dis- 
tinctly heard by the 
ear placed at the other 
focus. But when the ear was removed from the focus, 
the ticking was scarcely audible. That is, the lens had 
converged the sound waves to a focus. 

379. This proof of refraction receives additional confir- 
mation by placing a balloon filled with hydrogen between 
the eax and the watch. This being of less density causes 
the sound to diverge and it becomes entirely inaudible, 

The Lawa ot BcfrmoUoD oui be proved more readily In Optics. See Sea. MV 
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Section II. — Rbflbction op Souud. 

88ft. Whea a raoving elastic body strikes the surface of 
anotker body, it is compressed, and it also compresses the 
body with which it comes in contact. But elasticity at 

once causes both to return to their original shape, thus 
sending the moving body back with a velocity equal to that 
with which it was originally moving, only diminished by 
the imperfection cf the elasticity. This turning back of 
a body by elasticity is called Beflectum. 

881. Since the size of the moving body in no way af- 
fects the manner of its reflection, the laws will apply 
equally well to the molecules of a body, as air, or to the 
body as a whole. That is, sound can be reflected from the 
surface of a solid body. 

382. Laws of BeflectioiL Reflection is governed by two 
general laws. 

I. The angles of Incidence and Be- 
WJlecHoii are equal. Let a perpendicular 
I be dritwn to the point of the surface 
I where the body strikes, B, Fig. 134. 
I AB, the path of the moving body, is 
I called the line of incidence, and the 
angle between that and the perpendicu- 
e of incidence, ABD of the figure. The path 
through which the body leaves the surface is the line of 
reflection, and the angle between the perpendicular and 
that line is the angle of reflection, DBC. 

II. The angles of Incidence and Reflection are in the same 
plane perpendicular to the surface at the point where reflec- 
tion occurs. The plane ABC contains the perpendicular 
DB, and is perpendicular to the surface EF. 

S8S> These laws can be roughly demonstrftted by experiment. 
Place a amoll rod perpendicular to any hard surface, as tlie floor, 
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and throw a robber ball at any angle, to strike at its loot. It win 
be reflected, and the eye will see 
the approximate equality ol the 
I angles.* Or tbe apparatus of Fig. 
135 may be used. It consists of a 
Fig. iss. spring which works in a tube and 

can be set to work over any one of the lines marked upon the bot- 
tom. Beleaaing the spring drives a ball against the middle, and 
it is reflected back along the opposite line. 

384. Interference. When two sound waves are moying 
in the same space, the molecules of the air are subjected to 
two forces, or sets of forces, at the same time. According 

to the laws of force, each molecule must move as required 
by each sound independent of the other. With consider- 
able difference in the length of the waves from the two 
sources, no perceptible effect is produced. But when they 
are nearly or quite equal, they give rise to Interference or 
to Beats. 

88fi. Intorferenoo is weU shown by Pig. 136. Two bodies pro- 
'""* ' IS of the sa me length are made to vibrate in the 

I two places, A and B, at the 
I same time. Each produces 
a series of Bound waves, or 
I condensations, represented 
1 byaseriesof ooQceatrlccir- 
But the circles whose 
ires are at A cross those 
I whose centres are at B, This 
I adds the condensation pro- 
' ddced by the body A to that 
produced by the body B at 
the points x, y, z, etc., where the circles become tangent, and at 
the points a, b, c, etc., where the circles cross. Half way between 
these points, on the line AB, la a point of rarefaction, and froni 
the same cause, this wiU be rendered twice as rare. Hence, where 
the condensations and rarefactions from the two sources of sound 
unite, the sound will be made more intense. 

S86. But at the points 1, 2, 3, etc., a point of condensation from 

Its sconrate demoiutntloD belongs to OpUm. 
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the sotirce i , and one of rarefaction from B, come together. The 
motion of the molecules of air is now the difference of the two, or 
nothing. An ear then placed at such points will hear no sound. 

387. Reflection frequently produces interference. For 
let a solid, as the side of a building, be placed in any posi- 
tion, and the waves of sound will be turned back from it 
as tbougb coming from a new source at the same distance 
behind that surface as the original source was in front. 
This gives rise to a new set of waves which interfere with 
the first. 

888. Interference can be readily shown experi- 
mentally by means of the Hopkins tube, Fig. 137. 
This consists of an open tube with two branches, 
and is suspended over a vibrating glass plate. The 
waves from one side interfere with those from 
the other and produce silence to an ear placed 
above the tube. 



889. Beats. If the waves of sound vary a 
little in length, those from one source will 
alternately strengthen and weaken those 
from the other source. This is called heat- 
ing^ and makes the sound alternately louder 
and fainter. 




Pig. 137. 



890. Beats may be shown experimentaUy by placing a bit of 
wax upon one prong of a tuning fork which vibrates in unison, 
that is at the s^e rate, with a second.* The load causes the fork 
to vibrate a little slower, and produces beats. 

891. Echo. An echo is sound reflected from an object 
at such a distance from the source as to repeat the original 
vibrations distinctly. If the reflecting surface be in such 
a position that the sound waves strike perpendicularly, the 
echo is heard by a person at the source of sound. If the 
waves strike at an angle, the echo will be heard by a per- 
son in some other position, as required by the first law of 
reflection. 



*8ee Fig. 132, Sec. 362. 
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392. Multiplied Echoes. Sometimes the echo ia repeated 
several times. This may be produced in screral ways, and 
each is known as a multiplied echo. 

393. First. A multiplied echo may arise by reflection 
frpm objects at different distances. Thus Echo Lake, in 
the White Mountains of Kew Hampshire, repeats a sound, 
as the explosion o£ a cannon, four times, each report com- 
ing from a cliff across the lake. 

394. Second. Two nearly parallel sides of a valley may 
reflect the sound so that it is heard by persons located in 
different places in s 




Fig. ita. 
Fig. 136 stLows bow this 1b prodaoed. If the sound be made at 
A, it will be reflected at B, a second time at C, a third time at D, 
and HO on until the sonnd Is loat by the repeated reflections. An 
observer placed In eitker of theae lines or in others aimllarly situ- 
ated, would hear the sound. 

395. The Whispering Oallery renders a sound audible 
at a distance, while it remains inaudible at all intermediate 
places. This is accomplished by means of' two concave 
reflectors. One person produces the sound at the focus of 
the first reflector, and it is heard by a person situated at 
the focus of the second. 

896. FlR. 13*8hoWBtheprincipleof thewhiapetinggallery. A 
person placed at F, the (oons ol the reflector M, produces a series 
■ of sound wavsa 
I which reach the 
I reflector along 
I diverging 
I lines Fa, Fb, 
They are 
FtE' IW. then 




TRUMPETS. 113 

according to the first law parallel. When they reach M', they are 
once more refiected, and reach the focus F% where they can be 
readily heard. In this way, two persons can carry on a conversa- 
tion inaudible to all persons between F and F'. 

397. Resonance. The sound of a person speaking is 
much varied by the room and objects in it, as the audience, 
chairs, tables, etc. When empty, the room seems to ring. 
This is called resonance, and occurs when the walls are 
not so far distant as to produce an echo. The original syl- 
lables and the reflection commingle and the reflection adds 
to the effect. 

898. Tmmpets. The Speaking Trumpet and the Hear- 
ing TFumpet depend upon reflection of sound. 

399. The Speaking Trampet, Fig. 140, consists of a 
conical tube with a mouth-piece, and a bell at the opposite 




Fig. 140. 

end. The trumpet is directed to the point to which it is 
desired to send the sound, and the waves undergo a series 
of reflections so that they are all nearly parallel when they 
issue from the mouth. The bell at the same time strength- 
ens the sound, in some way not fully explained. 

400. The Hearing Trumpet is the reverse of the above. 
It consists of a conical tube to catch the vibrations, and 
so reflect them to a point which is placed at the ear. It 
is used to enable deaf persons to hear more distinctly. 

401. Speaking Tabes leading from one room to another 
act upon the same principle. They reflect the sound from 
side to side in place of allowing it to travel in all directions. 
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DivisiON^ II. — ^Applications. 

402. The principles of Acoustics have been applied in 
Music, both Instrumental and Vocal ; in the Representa- 
tion of Vibrations to the Eye, or Acoustic Figures ; and 
in certain instruments for Recording and Repeating the 
Vibrations. 



CHAPTEB I. 

MUSICAL SOUNDS. 

403. Uniformity of vibrations distinguishes a musical 
sound from a mere noise. The vibrations of a noise are 
irregular either in the number produced in a given time, 
or in their intensity, or in both respects. Such a sound 
displeases the ear. A musical sound is produced by a defi- 
nite number of vibrations in a given time, and they main- 
tain nearly uniform intensity, 

404. Hnsical Sounds possess three distinct properties, 
Pitch, Intensity, and Timbre. 

405. Pitch is the quality which distinguishes between 
high and low tones, and depends upon the number of vibra- 
tions made in a given time^ as one second. 

406. Intensity, as previously shown in relation to sound 
in general, depends upon the distance through which the 
body vibrates. 

407. Timbre is the peculiar quality which distinguishes 
one human voice from another, or causes the difference be- 
tween musical instruments. Helmholtz has shown by 
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means of manometric flames* that it depends upon the 
production of secondary tones less prominent than those 
which are usually recognized. 

SbCTIOK I. — DBTERKmATIOK OF THE NUMBEB OF 

ViBRATIOKS. 

408. Sarart's Toothed Wheel. The earliest determination of the 

number of vibrations which produce a given 
musical sound was made by Savart's Toothed 
Wheel, Fi£:. 141. It consists of a wheel 
whose rim has a known number of teeth. 
This is revolved rapidly and moves an indi- 
cator which shows the number of revolu- 
tions. A card is placed so that each tooth 
strikes it in passing. 

Pig. ui. 409. The wheel is first turned until 

the card produces the sound whose vibrations it is desired 
to determine. The index is then read, and the wheel turned 
uniformly a certain number of seconds. The index is once 
more read; and the difference of the readings gives the 
number of turns of the wheel. This, multiplied by the 
number of teeth and divided by the number of seconds, 
gives the number of single vibrations corresponding to the 
sound. 

410. Limits of Perceptible Sonndg. Savart determined 
the number of single vibrations necessary to produce a 
continuous sound, by means of the Toothed Wheel. He 
also used a long bar to determine deep sounds. He found 
that fourteen or sixteen single vibrations must be made 
each second in order to produce a continuous sound. With 
less, the ear distinguishes a series of independent blows. 
He also found that the ear could receive as many as 4,800 
per second. When the limit is reached, silence ensues. 
But the li]nits are not the same for all individuals. Some 



*8ee Seo. 472. 
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persons can hear sonnds too acute for others to recognize. 

411. The Syren. The results obtained b; using the 
Toothed Wheel are approximate only. 

The Syren, Fig. 112, la b much m 
coDBlsts of a brass plate A perforated by a 





an angle. A seooad plate B is perforated by the aame number of 
holes so directed as to form a right angle with the direotion ot 
those in the plate A. The upper plate can turn, and carries an 
index to record the nnmber of revolntions, and the whole is then 
attached to a bellows.* A secies of poffs of air is thus produced 
which causes the npper plate to revolve. The air can escape only 
when the holes ot the upper plate coincide with those In the lower, 
so that each puff corresponds to a single vibration. 

413. Weights are placed upon the bellows to increase 
the pressure and rate of revolution until the sound given 
by the Syren corresponds to the sound whose vibrations 
are to be determined. It ia then allowed to revolve for 
some seconds, and the result read off from the index, and 
the vibrations determined as with Savart's Wheel. 

413. Bellows. The Bellows used to supply air to musical 
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instruments, Fig. 143, consists 
of a series of boards connected 
by leather. It is made air tight, 
and air is forced into it by a 
pedal through a valve. It es- 
capes through a pipe which 
carries it to any point where 
it is to be used, as to the wind 
chest at the top to drive the 
syren. Weights can be placed 
upon the top board to make 



^In 



the pressure as great a 



414. The Timii^ Fork, or Diapason, Fig. 
in, IB a convenient instrument tor determming 
Tibrations. It ia simply a fork of steel, often 
attached to a sounding-bos to strengthen the 
sonnd. It ia set to vibrating by drawing a 
violin bow serosa one prong, or by striking one 
prong. 



415. The vibrations of the prongs oan frequently be seen with 
the eye, but if a needle point be attached to the fork by a bit of 
wax, and[the point 
be drawn along a 
piece of smoked 
paper, the vibra- 
tions develope a 
sinuous line ; then 
by attaching It to 




aa a revolving cyl- 
inder, which moves 
It omformly, the 
number of curves 
made In a given time will represent the nomber of vibrations. 
This is well shown by Fig. 115, In which the blackened cylinder Is 
marked by the styles attached to the fork and rod. 
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Sbchon II. — The Theory op Music. 

416. The Fundamental Note. A musical instrument is 
in tune when different notes harmonize. Two instruments 
are in tune vrith each other when any one note upon both 
is produced by the same number of vibrations. Since the 
tuning of instruments is thus purely arbitrary, the funda- 
mental, or note which is used as the basis, must necessarily 
differ at different places. In determining the theory of 
music, it is placed as produced by 256 double vibrations per 
second, and called C. 

417. Nonnal Toning Fork. To harmonize different 
places, a commission met at Paris in 1859, and established a 
normal tuning fork, which corresponds with C produced 
by 261 double vibrations, and most instruments now agree 
with that. 

418. Hnsical Scale. A sound produced by twice the 
uumber of vibrations per second that produce a given sound 
is called its octave. Thus the octave of C is produced by 
twice 256 double vibrations, and is c. The series of seven 
notes commencing with the fundamental G, together with 
its octave c, is called the musical scale. 

419. Intervals. The relation between the nuinber of 
vibrations which produces a note and those which produce 
the next higher is called an Interval. Or, an interval is 
the quotient obtained by dividing the number of vibrations of 
any note by the number of vibrations of the next lower. 

420. The various notes of the scale are then produced 
as follows, letting m represent 256 vibrations. 

C. D. E. F. G. A. B. c. 

m. f m. f m. J m. f m. | m. -*|^ m. 2 m. 

421. Chords. Tones whose separate waves coincide, or 
so nearly harmonize as to please the ear, are called chords. 
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If the notes are so separated that the vibrations have a 
ratio of 2:1, they may be considered the same tone. Any 
three notes whose vibrations bear the relation of 4:5:6 
please the ear. Such notes are termed a major chord. All 
whose relation is expressed by small numbers are similarly 
pleasing. If however their relation is 10: 12: 15, they differ 
very slightly, but not enough to displease, unless long con- 
tinued, or frequently -recurring. Such notes constitute the 
minor chord. 

422. Music is a variation of the order and succession of 
the notes which will produce the chords. The notes which 
will give the major chord are : 

C :E : G=4 : 5 : 6, called tonic. 
G:B:d=4:5:6, called dominant. 
F : A : c=4 : 5 : 6, called sub-dominant. 

423. Tones and Semitones. Comparing the intervals, 
three fractions are found, |, ^ and ^, as follows: 

CtoD DtoE EtoF FtoG GtoA AtoB Btoc 

The first two are tones, the third a semitone. 

424. For convenience in music, a semitone is introduced 
between each pair of notes where the interval is a tone. 
This is done by raising a note a semitone, that is by mul- 
tiplying it by H, and is called sharping the note. 

425. If in place of sharping one note, the note above is 
lowered by a semitone, it is said to be flatted. In this 
case the note is multiplied by f|. 

426. Tempering. Because the intervals between the 
sharp of one note and the flat of the next vary a little in 
length, the transposition of the scale would be impossible 
without a separate set of musical instruments to play each 
transposition. This is clearly impossible. 
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427. To remedy this defect, the entire number of vibra- 
tions between C and c is divided into eleven equal spaces, 
each interval being ^^^2' This is called tempering, and is 
applied in all common musical instruments, as the piano 
or organ. 

Section III.— Musical IxsTBUMEirrs. 

428. Musical Instruments produce musical tones in two 
ways, by the vibrations of tightly stretched cords, and by 
causing a column of air enclosed in a tube or pipe to vibrate. 
In the first, the vibrations are transverse, that is, the string 
moves from side to side : in the second, the molecules of 
air move in the direction of the length of the pipe, so pro- 
ducing an alternate condensation and rarefaction. The 
former are stringed instruments, as the piano and viol; the 
latter are wind instruments, as the trumpet and organ. 

429. The use of a sounding board or box, to vibrate in 
unison with the sound produced, increases the effect, both 
with stringed instruments, and wind instruments. 

430. Laws of the Yibrations of Stretched Cords. The Sonometer 
or Monocord, Fig. 146, is used to determine these laws. It con- 
sists of a string stretched 
above a thin sounding 
box. The tension can be 
varied by changing the 
weights attached to the 
end which passes over 

Pijif. 146. the pulley. A movable 

bridge aUows the length of the vibrating portion to be varied. 
It is usuaUy vibrated by a violin bow. 

431. Experimental Determination. L Lengths. Let 

the cord be vibrated without the movable bridge. It now 
gives a certain note, usually the fundamental, of 256 vibra- 
tions. Then by inserting the bridge i from the end, | of 
the cord is made to vibrate ; the tone is now D. Using f , 
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the tone is E. This may be continued with each note 
of the entire scale.* The length of the vibrating cord is 
thus the reciprocal of the number of vibrations pro- 
duced. Hence the Law: The Number of Vibrations varies 
inversely as the Length, 

432. n. Diameters. Attach a second cord to the 
Sonometer, whose diameter is two-thirds of the first, and 
cause both to vibrate. They give the chord of the fifth. 
By placing the movable bridge at two-thirds the length of 
the larger cord, they can be brought into unison. Hence, 
The Number of Vibrations varies inversely as the Diameter 
of the Cord. 

433. in. Tension. If two cords of the same material and 
diameter be attached to the Sonometer, and be stretched 
by weights whose proportion is 4:9, they will give the cord 
of the fifth. They are brought into unison by placing the 
bridge at two-thirds the length of the cord stretched by 
the smaller weight. But the lengths, or the number of 
vibrations now produced, are proportionate to the square 
root of the weights, or as 2:3. Hence the Law: The 
Number of Vibrations varies as the Square Boot of the Ten- 
sion, 

484. IV. Density. When strings of the same diameter, 
and stretched by equal weights, but of different materials, 
are used, they give different notes. They may be brought 
into unison by placing the bridge under the one which 
gives the lower tone. Comparing their lengths with the 
Table of Specific Gravity ,t their lengths are seen to be 
proportional to the square root of their specific gravities. 
That is. The Number of Vibrations varies inversely as the 
Square Boot of the Density. 

435. Nodes and Loops. If a single cord be stretched 



*8ee Sec. 42a. 

tSee Table V at end of the Yolume. 
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Upon tlie Sonometer, and the bridge be placed at a distance 
which 13 an aliquot part of the length, as one-third, the 
entire string vibrates producing a single tone. As can be 
readily seen, where it rests upon the bridge, there is no 
vibration. 

486> The portion beyond the bridge must be divided in 
the same proportion, or two tones would be .produced 
That is, if the proportion is one-third, there are two points. 
or nodes, where there is no vibration. 




487. The cord in adjacent segments is moving in oppo- 
site directions. That is, if it moves downward in the mid- 
dle, it moves upward in the ends, and convereely. Fig. 147. 
Ab represents a vibrating string: as the part 3 ascends, 9 
descends, and so on. 

43S. The existence of these nodes and also of the loops 
between them, is clearly shown by bending pieces of paper 
to form riders, and applying them to different parts of the 
stretched^cord. Those upon the nodes remain: those upon 
the loops are thrown off. 

439. Very often the cords of a stringed instrument vi- 
brate as a whole, and at the same time in nodes. This 
produces more than one tone by the vibration, and gives 
rise to harmonics. Short cords do this much less frequently 
than those which are longer, and these subordinate tones 
combine with the vibrations of the sounding board to pro- 
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duce the difference of timbre noticed in different instru- 
ments. 

440. The stringed instruments now used are made in 
accordance with these laws. They are of two kinds, those 
in which the length of the string is inv^able, as the piano: 
and those in which it can be varied, as the viol. 

441. The Piano consists of a series of metal cords 
stretched over a sounding board. The difference in the 
sound of different instrumei^ts is caused by varying the 
materials of the sounding board. The cords vary both in 
length and in diameter, to produce the different notes. 
The sound produced by each string is invariable. Hence 
this instrument is tempered. 

• 

442. The Viol consists of a series of strings, usually of 
some animal membrane, stretched upon a sounding box. 
The different sounds are produced by pressing the finger 
upon the cords at different points, which changes the length 
and also the tension. So the same cord may give any re- 
quired tone, and the instrument requires no tempering. 

Other stringed instruments, as the harp or the guitar, 
are made similar to one of the above. 

443. The difference of tone produced by different stringed 
instruments arises from the vibration of the sounding box 
in segments. This gives subordinate tones at the same 
time as the principal. The manner in which these nodes 
and loops occur will be shown under Acoustic Figures.* 

444. Wind Instruments are of two kinds differing in 
the manner in which the air is set to vibrating: mouth 
instruments and reed instruments. 



*8ee Section 461. 



ngj 445. In Honth Instnunents, the 

air enters by a small opening, P, Fig. 
148, aud escapes by a beveled passage 
i, so striking against a thin upper 
lip a. This produces a aeries of shocks 
and sets the air contained in the pipe 
into vibration. A whistle is made in 
this way. 

The tone of the instrument is de- 
termined by the length of the col- 
umn of contained air. Hence the 
different notes can be produced by 
varying its length, either by holes 
closed by the fingers, as in the flute, 
or by holes opened by keys as in the 
clarionet, or by both arrangements. 
In man J' instruments, the cheeks and 
the air contained within the mouth 
are made to act as a mouth-piece. 
Most band instruments, as the horn, 
ire of this kind. The trumpet acts similarly. 

446. A reed consists of a tongue of metal or wood V, 

Fig 149. A current of air en- 
tering downwards, towards 
the reed, carries the reed 
forward and closes the aper- 
Fiai«- ture. The elasticity of the 

tongue quickly carries it back, and opens the aperture again, 
thus causing the air to vibrate. Reeds are of two lands, 
depending upon the manner in which the vibrating tongue 
operates: Vree Meeds and Beating Reeds. 

447. Free Reeds vibrate back and forth between the 
sides of the aperture, and the. number of vibrations is de- 
termined by the length of the tongue. They are often 
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used to cause the column of air in an organ pipe 
T,Fig. 150, to vibrate. Such a reed is placed 
ia a box E, and its length is determined by a 



44S. Beating Seeds are so constructed that 
the tongue strikes the edges of the opening. 
This alternately allows the air to pass, and cuts 
it off. Such a reed is used in the Clarionet. 

419t Oi^an Pipes give tones determined by 
the relation of their length to their internal 
area. The length of bu open pipe must how- 
ever be double that of a closed pipe to give the 
same sound, because the sound pulse in a 
closed pipe must travel twice the length of the 
pipe: in an open pipe, once. 

460. The pupil can readily construct a reed 
Fig. 150. gj^^ p[pg \yy cutting a tongue near the joint of 
a large straw, and then blowing into the straw. 

451. Organ pipes have nodes and loops, similar to those 
of strings. The particles of air at the node do not change 
their position, but there is at that point an alternate con- 

^,;^, densation and rarefaction. At 

Fn the loop, the density of the air 

does not vary, but the particles 

CNj move back and forth through 

I ! I: nT'i a distance proportionate to the 

number of vibrations produced 

in each second. 

152. The Nodes and Loops of an 

organ pipe con be readOy shown 
by pipes liariug two holes on one 
side. Fig. 151. One ol these is 
over a node, end the other over a 
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k>op. A thin membrane is stretched over the hole, and a gas pipe is 
attached, with a Jet, as shown in the figure, fostened to the stand. 

453. When the air at the node is condensed, it presses 
the membrane forward, closes the opening, and puts out 
the light. The jets at the loops continue burning. A re- 
volving mirror is often placed at the side, to render the 
changes of the flames made by the burning jets visible. 



CHAPTER n. 

ACOUSTIC FIGURES. 

454. The figures produced by the nodes and loops of vi- 
brating bodies are called Acoustic Figures. They may be 
rendered visible in two ways, as follows: 

455. I. Sand is placed upon the vibrating body, and is 
driven from the loops and accumulates upon the nodes. 
This method is applicable to vibrating plates, and other 
flat bodies, as stretched membranes. 

456. II. Some appliance may be used which causes the 
vibrating body to affect light. This may be either by re- 
flecting the light from a mirror, or by variation of the 
flame which is the source of the light. 

Section I. — Vibrations of Plates and Mekbranes. 

457. The tone produced by a vibrating plate is governed 
by laws which determine the vibrating parts, and the in- 
tervening nodes. These laws depend upon the size and 
thickness of the plate; its shape; and the points by which 
it is held. 

458. The Nodal Lines may be rendered visible by strew- 
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ing fine saxid upon the plate. Since the sand soon collects 
upon these lines it leaves the vibrating parts uncovered. 

459* To determine the figures experi- 
mentaUy, a brass or glass plate is first 
clamped by the centre.* Fig. 152. It is 
then vibrated by drawing a violin bow 
across the edge. The point by which it 
is held cannot vibrate: hence all nodal 
Fig. 162. jijjgg pjyjg through that point. Or the 

same effects may be produced cheaply by using common window 
panes, as follows : A pane of glass is supported by its middle 
point upon a small block of soft rubber. A long glass tube is then 
fastened to its upper surface by wax or paraffin . This tube is then 
held by the thumb and finger of the left hand, and rubbed by the 
thumb and forefinger of the right hand, first moistened with a 
little water. This produces intense vibration. 

460. So long as the plate gives the same tone, the sys- 
tem of nodal lines remains constant. But by touching 
any point in the edge with the finger, that point is made a 
node, a new sound is produced, and a new system of nodal 
lines developed. 

461. By clamping 
the plate at other points 
than the centre, new 
tones and nodal lines 
can be produced. The 
tones will be pure 
whenever the clamping 
point is an aliquot part 
of the distance across 
FiR. 153. the plate. Fig. 153 

shows some of the forms given by the nodal lines. 

462. Chladni's Law. Chladni determined by experi- 
ment that the following law governs the figures produced 

*k brass plate is usually made circular: a glass plate, square. 
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with different vibrating plates. In plates of the same ma- 
terial and dimensions^ the number of vibrations per second 
varies directly as the thickness^ and inversely as the area. 

463. Gongs and cymbals are practical applications of 
vibrating plates. 

464. Membranes can only vibrate when tightly stretch- 
ed. They then vibrate in segments, much as plates vibrate 

and the segments can be rendered 
visible by sand. Fig. 154 shows 
the segments of a tightly stretched 
Fig. 154. membrane thrown into vibration 

b}*^ proximity to a sounding body. 

465* Membranes are applied in the drum and tamborine, 
and are made to vibrate by blows. In the drum, the vi- 
bration is strengthened by the enclosed column of air. 

466. All stretched membranes, and indeed all surfaces, 
are made to vibrate by any sounding body, the vibrations 
being transmitted by the intei-vening air. Thus if a violin 
be sounded near a piano, the sounding board of the piano 
will vibrate in unison with the violin. 

Section II.— Optical RBPRES^irrATiOK of Vibrations. 

467. Liss^ons' Figures. A very light reflector, m, 
Fig. 155, is attached to one prong of a tuning fork, and 
a balancing weight, n, to the other. A lamp surrounded 
by an iron chimney which has a small hole in it, is placed 
some yards distant, so as to send a single beam of light 
upon the tuning fork, and the eye is placed so as to see the 
reflected light. By reflecting this beam a second time 
through a lens* it may be projected upon a screen. 

*See Section 701. 
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46S. Image Produced by a Single Tlbratiiig Body. 

When the tuning fork is still, the reflection is a circular 
spot. When it vibrates, the spot becomes a line. Turning 
the fork around changes the line into a series of waves, 

469. Combination of two Tlbrations. If two forks 
which vibrate at the same rate are placed parallel, the line 
is lengthened. If they vibrate at difTerent rates, the line 
is alternately lengthened and shortened. Thus the beats 
which the ear distinguishes are made plain to the eye. 

470. If two forks are placed at right angles, one pro- 
duces an image which is horizontal, and the other a vertical 

■ ^^^H ^^^H image. When both vibrate, 

^^^1 ^^^B these two images combine. 

^^^H ^^^H If they are very nearly in 

^^^1 l^m unison, the changes of Fig. 

1 i 156 follow each other in or- 

gig_ 158. der. If they differ by an oc- 
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4ii. inese expenmenis mny oe coi 
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tave, they produce a figure eight, as Bbowu in Figure 156. 

471. These experiments mny be continued with forka 
varying in any pro- 
I portion, and each 
combination will 
give its appropiiate 
figure. The fol- 
lowing illustration, 
Figure 157, shows 
i of these, the 
fraction-s under 
each part of ihelig- 
Pig. ]fi7. ure denoting the 

proportionate rates at which the two forks vibrate. 

473. Eoenig's Hanotnetric Flames. Eoenig employed 
a gas jet of the form shown in Fig. 158. A very elastic 
rubber diaphragm is stretched 
across a large chamber. A tube 
conveys the vibrations of air to 
one side of the chamber. The 
other is supplied with burning 
gas by a tube and stop-cock, 
and the gas passes from the 
chamber to a burner. 

473. A square revolving mir- 
ror is placed in front of the gas pfg. iss. 
flames. . When no sound is made the image of the flame 
in the mirror is elongated, and forms a band with parallel 
sides. Eoenig used a series of these jets and flames at- 
tached to hollow cylinders capable of being lengthened and 
shortened, to determine the cause of timbre. He found 
that when a pure tone, such as is made by a tuning fork, 
is produced, only a single flame is aflected, the one whose 
resonance cylinder corresponds to the fork. When any 




TIBKATIKQ INSTBUMENT8. 



131 



musical mstrament gives the same note, this flame and 
others also are caused to move. This shows that the dif- 
ference of tone of different instruments, or timbre, results 
&om subordinate tones accompanying the principal, and 
Helmholtz has succeeded in confirming this analysis of 
sounds by putting these tones together, and producing the 
original. 

474. If a sound be 

conducted to the cham- 
ber, the image is cut up 
iutoaseriesoftongues, 
one of which corres- 
ponds to each vibra- 
tion. The images can 
be photographed. Fig. 
159 shows a note and 
its octave. When sev- 
eral tones are combined 
the flame vibrates with 
each, and this makes a 
series of long tongues vriih shorter ones between them. 
The number of long tongues gives the number of vibra- 
tions of the lowest jiote; the shorter ones, the number of 
tlie higher notes. 




CHAPTER m. 

VIBRATING INSTRUMENTS. 

475. Two remarkable instruments have been constructed 
which employ vibrating membranes, or diaphragms, the 
Telephone, and the Phonograph. 



Sbchon I.— The Telephone. 

476. The action of the telephone depends upon the va- 
riation of the strength of a magnet hy placing an arma- 
ture near it, and by the induction of an electric current by 
the magnet.* 

477. The Telephone, Fig. 160, oonmsts ol a small bar magnet 
snrrounded Ity a 
coil of insulated 
copper wire. A thin 
elastic plate of Iron 
is placed in front of 
bbe magnet, but not 
touching it. Tne 
copper wire passes 
oat ol the case, and 
bj means of the 
binding scters at 
the bottom, and 
the line wire forms 
an electric circuit 
with a second tde- 
phone. The mouth- 
piece of one is used 
by the speaker, and 
the other is placed 

"« "^ .at the ear of the 

hearer. While the right of Pig, 160 shows a plane section of a tel- 
ephone to show its varioua parts, the left shows the same instru- 
ment in its case ready for use. 

478. The telephone acts as follows; the waves of sound 
move the diaphragm back and forth. Each motion of the 
diaphragm causes a, current of electricity to pass through 
the wire, and so moves the diaphragm of the receiving 
telephone to correspond with its own movements. This 
diaphr^m sets up a second set of sound pulsations. 

The distance between the telephones is limited by the 
resistance of the intervening wire. 

•Bee Electricity. Section B28, 
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479. The Photophone. The force which carrieB the 
movements of the sound and reproduces them at adistance 
in the telephone is electricity. The later instrument, the 
Photophone, uses light for the same purpose. Waves of 
sound set a diaphragm into vibration, as in the telephone, 
but this diaphr^m is really a very light mirror. A beam 
of light is alternately increased and diminished in intensity 
by this mirror, and this light allowed to strike a distant 
diaphragm there reproduces the vibrations, either directly 
or through the medium of increasing and diminishing the 
electrical power of a piece of silenium, which acts upon a 
telephone. 

Sectiom" it. — Thb Phonograph. 

4S0. The FhoiH^ra^ Fig. 163, consists of a grooved 
iron cylinder which can be turned by a crank. A screw is 




Fig.iea. 
attached to one end, the distance of whose threads is the 
same as the distance of the grooves apart. The cylinder 
is covered with tin foil. A thin vibrating diaphragm which 
carries a very fine needle point is so placed that the point 
at rest just touches the tinfoil. 

481. If now sounds be made in front of the diaphragm, 
and the cylinder turned, the point must move back and 
forth with the air. Each pulsation is then recorded by a 
depression in the tinfoil. 



134 ACOUSTICS. 

483* By causing the style to pass a second time oyer tlie 
tinfoil, the sounds will be repeated in a new series of pul- 
sations made by the diaphragm moved back and forth by 
the attached style. 

PROBLEMS. 

1. SEcmoK 365. A stone is dropped into a pit, and tfaa 
sound is heard two seconds after it is seen to strike the 
bottom. Required the depth of the pit. 

2. A man counted 36 beats of his pulse, which makes 70 
beats per minute, between a flash of lightning and the 
thunder. Required the distance of the cloud. 

3. Section 391. An echo repeats four syllables, each of 
which it requires a fourth of a second to pronounce, and the 
echo is heard one-fourth of a second after the last is ut- 
tered. How far distant is the object which produces the 
reflection? 

4. Section 373. A man at a distance strikes a blow upon 
some ice, and two sounds are heard two and a half seconds 
apart, one transmitted by the earth and the other by the 
air. How many metres distant is the man ? 

5. Section 365. The report of a cannon is heard by a 
man twenty miles distant. How long is it after the can- 
non is fired? 

6. Section 431. Two strings of the same diameter and 
(stretched by the same weight give notes distant by an oc- 
tave. How do their lengths compare? 

7. The lower string of problem 6 gives C. What must 
be the length of the other to make the chord of a fifth? 
How many times will it vibrate each second? 

8. Section 445. A closed organ pipe gives the note D 
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and an open pipe near by makes a chord of the fifth with 
the pipe. Required its comparative length. 

9. How many vibrations do each of the above pipes make 
each second? 

Part IL — Heat. 

483* Definition. Heat in common language usually 
means the effect produced upon the senses by a heated 
body. In Physics, Heat is used for the cause of this sen- 
sation. 

484. Careful experiments indicate that the molecules of 
all bodies are always moving. When the movements of 
the molecules of a body are at right angles to the direction 
in which the force advances, that is a transversal vibration 
of a certain definite length, the motion is called heat.* 

485. Temperature. The effect produced upon our senses 
by a heated body is called temperature. When a body 
whose molecules move further, or more rapidly than those 
of the human body, is touched by the hand, it increases 
the motion of the molecules of the hand, and is called hot. 
But if it diminishes the uTotion of the molecules of the 
hand, the body is called cold. Hence our senses only give 
us difference of temperature. 

486. Hot and Cold, are then relative terms, and we may 
pronounce the same body hot or cold according to circum- 
stances. Thus if one hand be placed in melting ice, and 
the other in water as hot as can be borne, upon removing 
them and plunging both into water of the temperature of 
the blood, it will feel hot to one hand and cold to the other. 

Heat, then, is only known from its effects. 



*Heat and Light seem to be identical, differing only in the length of the 
waves. 
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CHAPTER I. 

THE EFFECTS OF HEAT. 

487. The only known effect of heat is to increase the 
rate and distance of the motion of the molecules of a body. 
But the difference in the states of matter causes apparent 
differences in the effects. Hence expansion produces Fu- 
sion^ Vaporization^ and Spheroidal Condition. 

Sbctiok I.— Expansion. 

488. All bodies expand when heated, and the rate of 
expansion varies with the state, as well as the material^ 
gases expanding the most rapidly, and solids the slowest. 

489. Expansion of Solids may be considered in one 
direction, or Linear; in two, or Superficial; or in three, or 
Cubic. 

490. Linear Expansion may be proved by the Pyrome- 
ter, Fig. 163. This consists of a metal rod one end of 

which is fastened, while 
the other moves freely, 
and turns an index. The 
bar is adjusted so that 
the index points to zero. 
A lighted spirit lamp is 
Fig. 163. then placed under the 

rod, and the expansion moves the index. 
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491. Saperflcial Expansion can be readily 
seen, by using a piece of sheet iron with a 
circular hole in it that a second piece will 
Just pass through when both are cold. After 
heating the small piece, its expansion pre- 
vents it from passing through. 

492. Cubical Expansion may be proved 
by Gravesend's Ring, Fig. 164. A ring of 
brass allows a ball to pass through when 
cold.* When heated, it will not pass through. 




Fig. 164. 



493. Expansion of Liqnids. The apparatus of 
Pig. 165 shows the cubical expansion of liquids, 
and at the same time shows that they expand 
more rapidly than solids. A flask is fitted with a 
cork and glass tube. It is then filled with some 
liquid, as water,* and the cork pressed in so as to 
cause the liquid to rise a short distance in the 
tube. When the flask is heated, both glass and 
water expand. But the water rises in the tube, 
showing that the liquid expands the more rapidly. 
Tig. 166. and its rate measures the difference. 




494. The Cubical Expansion of Gases can 

be shown by a bulb of glass upon the end 
of a long stem. Fig. 166. It is called an air 
thermometer. Inverting the tube in a vessel 
of water, and bringing a source of heat near 
the bulb, the air expands and escapes in a 
stream of bubbles. 



495. Coefficient of Expansion. ' The 

amount which a body whose dimensions are ^^- ^^• 
unity expands in passing from zero to one degree is called 




*If it be colored by a little anUine red, it can be better seen. 
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the Coefficient of Expansion. If the heating continues, the 
body expands at nearly the same rate until it approaches 
the melting point. Hence if a be the expansion in length 
for one degree, or its Coefficient of Linear Expansion^ (a 
quantity determined by experiment for every substance,) 
for f it will expand t times as much, or at^ and* its length 
after expansion will be 1+at. 

4:96. The Saperflclal Expansion is found by squaring 

the length, or is l+2at+a^t^. But a is very small for all 
known substances, so that a* becomes inappreciable^ and 
the term containing it may be neglected. Hence the Coef- 
ficient of Supercificial Expansion is twice that of Linear, . 

497. So also, the Coefficient of Cubical Expansion is 

found by cubing the length, that is, l+3a<+3a*^+a'^^. 
For a similar reason as before, all the terms after the sec- 
ond are inappreciable. Hence the Coefficient of Cubic 
Expansion is three times that of Linear, The expansion of 
solids can be measured in all directions: only the last 
formula applies to liquids and gases. 

The relation of these formulae shows that with solids 
the linear expansion only needs to be measured. This is 
accomplished with accuracy by using three rods of the 
material whose expansion is required. Small rods are at- 
tached to these, with fine wires, so that they can be placed 
exactly in a straight line. Two of these rods are then 
placed in ice, and the third is placed in some hot liquid 
whose temperature is known. This causes the middle red 
to expand, and its expansion can be measured by the 
amount the wire is moved from the line. This divided by 
the temperature gives a. 

498. Temperature. The difference in the rate of expan- 
sion between solids and liquids is employed to measure 
temperature. Instruments for doing this are called ther- 



MAKING THEBMOMETEBS. 



139 



mometers. They are made of glass, and are usually filled 
with mercury, but sometimes with alcohol. 

499. Making Thermometers. The operation of making 
a thermometer consists of three distinct steps : The Cali- 
bration of the Tube: Filling with Mercury: B,nA Oraduation. 

500. Calibration of the Tube. The dimensions of the 
tube must be uniform throughout its entire length, else 
equal expansion of the mercury will be indicated by unequal 
variations on the stem. To determine that they are so, a 
small amount of mercury is placed in the tube and moved 
to different parts of the tube. Its length is carefully 
measured, and should remain constant in all positions. If 
the length of the mercury varies, the tube is valueless. 

501. Filling the Tube. A bulb, D, Fig 
167, is next blown upon one end of the 
tube, and the other is enlarged to form a 
small funnel. As the tube is too small 
to allow mercury to flow freely through 
it, since capillary repulsion prevents, the 
pressure of the atmosphere is used to force 
it to enter. A small amount of pure mer- 
cury is placed in the funnel, and the bulb 
heated. This expands the air in the bulb 
and forces some of it out. The bulb is 
next cooled, when the pressure of the air 
upon the mercury in the funnel causes a 
small amount to pass into the bulb. This 
is then boiled, so that mercury vapor expels 
all the air and fills the bul b and tube. The 
bulb is once more cooled, and the atmos- 
pheric pressure fills bulb and tube with 
mercury. The whole instrument is now 
^*^' heated to a temperature higher than that 

which the thermometer is intended to indicate, and the 
stem sealed by melting the glass in the blowpipe flame. 

G 
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603. Gradaation. The fixed points, boiling uid freezing, 
are first determined. The boiling point is found by placing 
the thermometer in a brass vessel 
of the form of Fig. 168, that the 
bulb and the stem nearly to the 
top may be surrounded by steam. 
The lower part, M, is placed upon 
a furnace, and the steam ascends 
in the part A, and descends in the 
part B. D allows the steam, and 
any condensed water to escape. 
A manometer* at E shows that 
the pressure in the vessel remains 
the same as that of the air. When 
the mercury ceases to rise in the 
stem, the point at which it stops 
is marked boiling point. 

The thermometer is next placed 
^- ^**- in a vessel containing melting 

ice. A hole in the bottom allows any water formed to 
escape. When the mercury has come to rest, the point is 
marked fi^ezing point. The space between is then divided 
into equal parts, and the graduation continued above and 
below the fixed points. 

603. Scales of Thermometers. Three distinct scales are 
in common use, Fakrenheifs, Centigrade, and 
*K.i«i Seaumur's. The first is commonly used in 
this country except for scientific work, where 
the second is used. Fahrenheit's scale marks 
the freezing point 32°, and the boiling point 
212°: Centigrade marks these points 0° and 
V 100°: Reaumur's 0° and 80°. Fig. 169. 

Fis- KB- 504. Relation of the Scales. Since the same 

*8«*B«etloiiSIT. 
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space is divided into a different number of spaces, the length 
of each space, or of a degree differs in the several scales. 
The proportion between them is as follows : 

F:C:R=180°:100°:80^ 
Reduced this becomes F:C:R=9:5:4. 
This proportion furnishes the means of changing from one 
scale to another, only recollecting that if the Fahrenheit 
scale is required, 32° must be added to the result, because 
of the difference of zero point: and if that scale be given, 
32° must first be subtracted. 

505. Limits to the Thermometer. Since mercury freezes 
at 40°C., it cannot be used to indicate temperature below 
that point. For this purpose, a thermometer filled with 
alcohol is employed. 

Mercury boils at 350°C. Hence a pyrometer is used to 
measure temperatures above that point.* 

506. Applications of Expansion. Two applications of 
expansion of solids and liquids deserve special notice: the 
Compensating Pendulum^ and the use of Tie Rods, 

507. The Compensating Fendnlum. Two 

forms of Compensating Pendulum are in com- 
fnon use, the Gridiron Pendulum^ and the 
Mercurial Pendulum. 

508. The Gridiron Pendulum, Fig. 170, 

depends upon the unequal expansion of dif- 
ferent metals for equal changes of tempera- 
tures ; e. g., steel and copper. The pendulum 
consists of a series of parallel bars, the out- 
side ones of steel attached at the top, which 
expand downward and lower the bob. The 
next bars, of copper or brass, are attached at 
the bottom, and the bob is suspended from 
their top. They then expand upward, and 
Pig. 170. raise the bob. When rightly proportioned. 




*See Seo. 490. 



142 HEAT. 

they raise it the same distance that the steel rods lower 
their own point of attachment, so that the centre of gravity 
of the bob remains at a constant distance from the point 
of support, and the times of osdlUation are equal. 

509. The Mercurial Fendnlum, Fig. 171, consists of a 
stirrup of steel, 6, suspended by a steel rod, a, car- 
rying a glass vessel, c, filled with mercury. As 
the expansion of the steel rod lewers the centre 
of gravity of the mercury, the upward expansion 
of the mercury itself raises it an equal amount. 
This pendulum is usually considered more accurate 
than the former. 

510. Compensating Balance Wheels for watches 
are made upon the same principle. They consist 
of pieces of two different metals, the expansion of 
one of which enlarges the wheel, while the expan- 
sion of the other contracts its diameter. Its oscil- 
lations thus remain constant. 

^ ^^^' 511. The Force of Expansion and Contraction 

is also employed in tie rods^ used to hold parts of buildings 
together. They must then be so constructed as to allow 
free motion from expansion. This is usually effected by 
making all bolt holes elliptical. • 

• 

51 2. Buildings that have started apart are sometimes 
drawn together by the same force. Tie rods are placed 
across the building, and the nuts on the end screwed up as 
tightly as possible. The rods are then heated, and the expan- 
sion loosens the nuts, which are once more tightened. 
When the rods again cool, the sides of the building are 
drawn towards each other with the whole force of tenacity, 
and brought into their proper position. 

513. In a similar way, the tires of wheels are heated 
before they are placed upon the wheels. Their contraction 



LAWS OP FUSION. 148 

then binds tne parts firmly together. Iron barrel hoops 
are sometimes put on hot for the same reason. 

Section II. — Fusion and Solidification. 

514. Fusion is the change from a solid to a liquid. 
When the temperature reaches a certain point, differing 
with the substance, all apparent expansion ceases, and the 
eflfect of further heating is to change the state. Formerly, 
certain bodies were considered refractory, that is infusible, 
but all except carbon have been melted, and that has been 
rendered flexible. 

515. Laws. Experiments upon different substances have 
shown that fusion is governed by two laws: 

I. Every substance melts at a certain invariable tempera^ 
ture. 

II. The temperature remains constant during fusion. 

Thus, if a mass of ice be heated to 0°, it begins to melt. 
Continue the heating, and the ice continues to melt, but 
the water produced remains at 0° until all the ice is fused. 

These laws apply only when the pressure remains con- 
stant, and the explanation of the second is that a certain 
amount of heat becomes latent, that is, is used to move the 
molecules apart and change the state. 

616. Yitreous Fusion. Some substances, like glass, pasd 
from a solid to a liquid gradually, through an intermediate 
waxy state. They can then be bent, or moulded into any 
desired form. This is called Vitreous Fusion. 

517. £ffect of Change of Pressure. If a body expands 
when melting, increase of pressure raises the melting point. 
Ordinarily, expansion occurs against the pressure of the 
air. Increase of pressure above one atmosphere increases 
the work done, so that more force is required to overcome 
the pressure and the melting point raised. But if the body 
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contracts when melting, as is the case with water, the con- 
trary effect is produced, and the melting point is lowered; 
though with water it is only a fraction of a degree for each 
atmosphere. 

518. Alloys are mixtures of two or more metals, and 
they have the curious property of melting at a lower tem- 
perature than either of their constituents. Thus Rose's 
fusible metal, an alloy of four parts Bismuth, one part 
Lead, and one of Tin, melts at 94°. Alloys are used to di- 
minish the heat arising from friction, as in the bearings of 
the crank shaft of the mowing machine, and for soldering. 

519* Flaxes are substances which added to a metal, or 
an- ore, reduce the melting point. They are used in sepa- 
rating ores from their impurities, and in welding. Borax 
is one of the best for the latter purpose. 

520. Solution is dissolving a solid in a liquid. Since it 
involves change of state, some heat must be rendered latent, 
and the temparature falls. The most common solvent is 
pure water, which dissolves most salts, gums, and sugars. 

521. In some cases of solution, the temperature is raised, 
as when caustic potash is dissolved in water. This arises 
either from contraction of volume, the. solution occupying 
less space than the original substances; or from a chemical 
union of the two substances. 

522. Solidiflcatioii is the opposite of fusion, and is gov- 
erned by the same laws. It takes place at the same tem- 
perature as that at which the body fuses, and all the heat 
absorbed in fusion is given out in solidification 

523. The presence of foreign matters in a liquid, so 
forming a solution, changes the point of solidification, 
usually lowering it. Thus sea water, a solution of common 
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salt, with a tew other suits in miitute qaantities, freezes at 
a mach lower temperature than fresh water. 

531. Crystallization. Most salts, and many other sub- 
stances, in solidifying, assume certain definite forms. These 
are called crystals, and the process, crystallization. . Why 
theydothisis not known. Themolecularattractionseems 
to be greater in certain directions than in others, and these 
directions are called the axes of the crystal. These axes 
may be represented by straight lines, and they meet at 
d>^Suite angles, which are invariable for each substance. 
Thus water crystallizes around three axes which meet at 
angles of 60°. Some of the forms of snow-tlakes, which 
well illustrate the principle, are shown in Fig. 172. Their 
beauty is remarkable. 




626. The process of crystallization from a solution may 
be readily illustrated by making a saturated hot solution 
of alum, or of sugar, and suspending a thread in it. As 
the solution cools, the solid crystallizes on the thread. 

N. p. 10. 
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Rock candy ia thus made from sugar, and ia perfectly pare. 
In fact, in all cases of crystallization, the impurities present 
remain in the liquid where the crystals are formed, called 
the mother liquid. 

53& Change of Tolnme. Closely connected with crys- 
tallization is the change of volume of substances when 
passing to the solid state. Most substances contract when 
solidifying. Thus tallow and the fatty acids contract con- 
siderably: and also many metals. 

537. TftTlmnni Densitf of Water. Water, and some 
metals, like iron and bismuth, expand in solidiiying. This 
causes ice to fioat, since its specific gravity is only .92. Such 
substances are more dense at some temperature above the 
point of solidification than at that temperature. 

528. The temperature of the greatest density of water 
is shown by means of the apparatus of Fig. 
173. A glass cylinder having a thermometer 
fixed in the side at the top and another near 
the bottom, ia filled with water of a given 
temperature, e, g. 15°. Around the middle 
of the cylinder is a copper vessel which is 
filled with pounded ice. As the ice melts, 
the water is cooled, and thut which ia of the 
' greatest density sinks to the bottom. After 
' sufBcient time has passed, the thermometer 
at the top indicates 0°, while that at the hot* 
torn indicates 4°. So then water ia the densest 
at 4°, and expands both ways from that temperature. It 
seems probable that this expansion in solidiiying is related 
to the form of the crystals of the substance. 

539. The expansion of water when freezing often bursts 
water pipes and vessels in which it is contained. The great 
force exerted was well shown by the experiments of Maj. 
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Williams in Canada. He filled a thirteen-inch bomb shell 
with water, drove an iron plug weighing three pounds 
into the hole, and then exposed it to intense cold. After 
some time, the plug was driven out with sufficient force to 
carry it four hundred and fifteen feet. At the same time, a 
cylinder of ice eight inches long was forced out. In a 
second experiment, the shell burst. Probably the water 
all remained as a liquid until the moment of bursting, and 
then froze instantly. 

630. If the liquid remains perfectly quiet, it can be 
reduced far below the freezing point before it solidifies. 
Thus, in a still room, water can be cooled to about — 15°, 
and yet remain a liquid. But if it be agitated, the tem- 
perature at once rises to 0°, and the whole mass solidifies. 
So some salts will not crystallize from a solution until a 
solid is placed in the solution. Then crystallization com- 
mences at the solid, and goes on very rapidly. 

531. Freezing Hixtnres. The absorption of heat in the 
change of state of a body when passing from a solid to a liq- 
uid is used in freezing mixtures. These consist of substtaces 
which have strong attraction for each other, one or all of 
which must be solid. They are most effective when the 
result of their union solidifies at a much lower tempera- 
ture than either of its constituents. 

632. One of the most common freezing mixtures con- 
sists of two parts pounded ice, or snow, and one part com- 
mon salt. This quickly liquifies and reduces the tempera- 
ture to — 18®. . This mixture is employed in freezing ice 
cream. 

Sbotiok III. — ^Vaporization. 

533. When a liquid is heated beyond a certain point, 
which varies with the liquid, the motion of the molecules 
overcomes the cohesion, and the body becomes a gas. The 
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distance to which the molecules move, and the "rate of 
motion are greatly increased. This change is Vaporization. 
Thus water expands about seventeen hundred times in 
becoming a gas. 

534. Vaporization takes place in two distinct ways^/rom 
the surf ace of liquids at all temperatures^ and from all parts 
of liquids at certain fixed temperatures. The former is 
Evaporation, and the latter Ebullition^ and each is gov- 
erned by fixed laws. 

535. Liquids are divided into two distinct classes; those 
which readily pass into vapor by the application of heat, 
such as ether, alcohol, and water; and those which decom- 
pose first, like the fats. Some solids, like camphor, pass 
into a vapor without becoming a liquid, and upon cooling 
again return to the solid state, a process called Sublima- 
tion. 

536. Evaporation is the slow formation of vapor at the 
surface of liquids. It occurs at all temperatures, even 
beloov the freezing point of the liquid, but below a given 
temperature, its formation is extremely slow. The change 
goes on until the surrounding air is saturated with the 
vapor, or until all the liquid has disappeared. 

637. The rate of evaporation is increased by any me- 
chanical means which changes the surrounding air, for 
the vapor already formed is removed. Thus blowing 
across the surface of tea contained in a saucer removes the 
vapor and cools the- tea. Some very volatile liquids, as 
bisulphide of carbon, or liquid carbonic anhydride,* evapo- 
rate with sufficient rapidity to cool the mass below freez- 
ing point, when the remaining liquid freezes from its own 
evaporation. 

638. If a watch crystal containing ether be placed in 



*Often called carbonic acid. 
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ftnother containing a little water, and the ether be blown 
into with a glass tube, its evaporation so cools the water 
as to freeze the glasses together. 

539. So by blowing in a similar way, into a shallow 
vessel containing bisulphide of carbon, the bisulphide 
will freeze in the bottom of the vessel, from the reduction 
of temperature caused by its own evaporatioQ. 

540. Taporization In ayacnnin. To determine the laws 
which govern the formation of vapors in a vacuum, four 

barometer tubes are filled with 
mercury and inverted in a trough 
of the same, Fig. 174. One, A, 
serves as a barometer to measure 
the pressure of the air. A few 
drops of water are plticed in B; 
of alcohol in D; and of ether in 
E. The mercury instantly falls 
in the tubes, but difierent distan- 
ces, while the vapor of the sub- 
stance fills the place previously a 
vacuum. Hence the formation of 
vapors is governed by the follow- 
ing laws. 

/. — In a vacuum, volatile liquids 
instantly vaporize. 
Hg. 171. //. — At the same temperature 

and pressure, different vapors possess different elastic force. 

641. Eballition. When the temperature of the liquid 
reaches a certain point, the formation of vapor is no longer 
confined to the surface, but takes place in all parts of the 
liquid. Bubbles of the vapor formed rise to the surface 
and escape into the air. This is Ebullition, or Boiling. 

542. Boiling Point. The pressure being 760 millimetres 




the boiling point of different liquids vaiies.* But when 
boiling commences, the temperature of the liquid remans 
constant. 

543. Change of Boiling FOint M&nj cansea induence 
the boiling point. Thus while pure water boils at 100° C, 
even minute quantities of salts in solution raise the boiling 
point. So also, the boiling point varies with the contain- 
ing vessel, differing in glass and copper. But the tempera- 
ture of the vapor formed is constant, since that depends 
upon the work to be done, or upon the weight of the col- 
umn of air to be raised. That is, the vaporization takes 
place against the pressure of the air upon the liquid. 

544. Laire. Boiling is governed by the following laws : 
I. — The boiling point varies as Ike pressure. 

JI. — Whatever the intensity of the source of heat, the liq- 
uid remains of uniform temperature during boiling. 



545. l^Feet of Varying the 

Pressure. The effect of differ- 
ent pressure is well illustrated 
oy a simple experiment with 
a glass flask. Fig. 175. Place a 
small amount of water in a large 
flask and heat it to boiling. 
Quickly cork the flask and re- 
move the source of heat. The 
increase of pressure at onee 
stops the boilmg. But invert 
the flask and pour a little cold 
water on the bottom, and the 
1= vapor condenses, relieving the 
pressure so that boiling begins 
again 
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546. The Pulse Glass, Fig. 176, shows the low tempera- 
ture at which liquids boil when the 
pressure is removed. Two bulbs 
■ connected by a stem are partly filled 

U with ether; the air is removed by 

^;:D^^ boiling the liquid, and the instru- 

jpiu. i7(j. ment sealed by melting the glass. 

The condensation of the vapor leaves a vacuum, and the 
heat of the hand is sufficient to boil the enclosed liquid. 



547. The lowering of the boiling point by diminishing 
the pressure is well seen on the tops of high mountains. 
Thus upon Mont Blanc, the boiling point is so lowered that 
tea can not be made, nor eggs cooked by boiling in an 
open vessel. But both can be accomplished by using ii 

vessel iu which the steam can be confined, 
as in Marc^t's Globe. So also, in many 
of the most common culinary operations, 
as in cooking doughnuts, a liquid is used 
whose boiling point is higher than that 
of water. 

548. Increased Pressure. Marcet's Globe, 
Fig. 177, shows the effect of increased press- 
ure in raising the boiling point. It consists 
of a copper globe with a manometer which 
dips into a little mercury placed in the 
bottom of the globe. Water is placed 
above the mercury, and a thermometer 
indicates the temperature, while a safety 
valve prevents all danger. When the 
globe is open to the aif, the manometer 
indicates no pressure, and the thermome- 
ter stands at 100° C. When the globe is 
closed, the manometer rises, while the 
Fig. 177. thermometer shows that the water is 

heated to a higher temperature. 
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549. This principle is employed in Papin's Digester. 
This is simply a strong closed vessel in which water can 
be heated to a very high temperature. It is employed in 
extracting gelatine from bones and trimmings of hides; in 
preparing steam refined lard; and in similar processes re- 
quiring high temperature. 

550. Production of Gold. The expansion of a liquid to 
a vapor requires a large amount of heat. This becomes 
latent, that is, performs the work of moving the molecules 
further apart, and keeping them there. If the molecules 
are made to separate and the body expands without the 
application of heat, the temperature is lowered, and the 
vapor produced and the liquid from which it comes will 
take heat from surrounding objects. For this reason, a 
thermometer placed under the receiver of an air pump al- 
ways falls as the air is exhausted. 

561. Water Frozen by its own Eyaporation. Leslie 
froze water by its own evaporation, using the apparatus of 

Fig. 178. A shallow glass vessel con- 
taining sulphuric acid is placed upon the 
plate of an air pump. A small brass or 
Pig. 178. silver dish, carefully cleaned with alco- 

hol, and containing a little water, is suspended above it, 
and the whole is covered by a small receiver. Upon 
exhausting the air, a part of the water turns to vapor, 
which is absorbed by the sulphuric acid. The result i^ 
that the temperature of the water is lowered below freez- 
ing point. The rate at which any liquid turns to a gas is 
greatly increased by removing the pressure of the surround- 
ing air, while the boiling point is lowered. For this reason, 
in concentrating the syrup to make refined sugar, vacuum 
pans are employed, so that the air is exhausted and its 
pressure removed while the vapor is formed much more 
rapidly. The amount of pure whit« sugar produced is 
greatly increased by this means. 
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563. The Cryopboros, Fig. 179, acts upon the same prin- 
ciple. Ttis consists of two bulbs freefrom air, 
connected by a tube. The upper one is about 
half full of water, and the other is immersed in 
a freezing mixture. The water eyaporates, and 
the vapor passes through the tube to the other 
bulb and is condensed. This takes pi ace so rap- 

. idly that the upper bulb is soon covered with 

I frost, and the water in it frozen. 

653. Upon the same principle, porousvessels, 
I called alcarrazas, are used in hot climates for 
I cooling water. The outside is kept moist, and 
1 the evaporation cools the water. 

654. Ice HachinM. These properties have 
been employed in the artificial production of ice. Two 
machines devised by Carre will show the general plan of all, 

665. One is simply a modification of Leslie's experiment. 
It consists of a cylinder made of an alloy of lead and an- 
timony, containing sulphuric acid, and connected with an 
air pump. The ur is exhausted from a bottle about one- 
third full of water, and made to bubble through the acid 
on its way to the pump. After a short time, the water in 
the bottle freezes. 

656. The Ammonia Ice Machine, Fig. 180, consists of 
a boiler, I, connected to a 
cooler, A, by a strong tube. 
The boiler contains common 
aqna ammonia. It is first 
placed upon a furnace and 
the cooler is placed in a tub 
of cold water, R, The heat 
liberates the gaseous ammo- 
nia from the water, and it 




passes into the cooler, where it is liquified by its own pressure. 

567. When the liquifaction is complete, the boiler is 
removed from the tiimace and placed in cold water, the 
cooler is removed from the water and wrapped in dry flan- 
nel, and a cylinder containing water is placed in a hollow- 
in the cooler. The water in the boiler quickly cools, and 
again absorbs the ammonia. This causes the liquid am- 
monia to turn again to a gas with great rapidity, so re- 
moving the heat from the water inside the cooler, which 
quickly freezes. 

55S. Distillation. Since vapor from a solution consists 
of pure water, vaporization affords a ready method of re- 
moving impurities. The operation is called distillation. 

559. A Still, Fig. 181, consists of a large copper vessel. 
a, containing the liquid to be distilled. This is connected 
by a head and tube vrith a tube called a worm, coiled inside 
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a vessel of cold water. The liquid is vaporized in the 
boiler a and condenses in the worm. Since so much heat 
is rendered latent in forming a vapor, this must be given 
out in condensation. Hence to remove this heat, cold wa- 
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' ter must constantly run into the 
bottom of the vessel, while hot 
water escapes from the top. 

560. Lleblg's Condenser, Fig. 

182, is used when only small 
quantities are to be dbtilled. It 
consists of a small flask, or re- 
tort, from which a tube passes 
downward through anothertube, 
fitted with water-tight connec- 
tions. Water enters by afunnel, 
f , near the lower end, and escapes 
by an opening, g, in the upper 
part, while the condensed liquid 
falls out at the lower end. 

561. Fractional Distillstion. 

Liquids of different boiling point 
mixed together, can be separated 
by distilling. That with the 
lowest boiling point is first re- 
moved, then the nest, and so on. 
This process, called Fractional 
s^ 181. Distillation, is employed in re- 

-jing petroleum to get naptha, kerosene, parafSne, etc. 

562. Hoistoroof tlieAir. Water constantly evaporates 
into the air. It follows that the air is never completely 
free from moisture. Nor is it often completely saturated, 
that is, so filled as to be incapable of dissolving more. The 
point of saturation, too, varies with the temperature, that 
is, with the elasticity. The amount of moisture which the 
air contains compared with the amount required to satu- 
rate it, is called the Hygrometric State. 

563. Hygrometers are instruments for measuring the 





hygrometric state of the air. Tbey act either by cooling 
a body through eTaporation, or by absorption. 

564. Daniell's Hygrometer, Fig. 183, consists of two 
glass bulbs connected by a glass 
tube bent twice at right angles. 
The larger bulb, A, is filled about 
two-thirds full of ether, and con- 
tains a delicate thermometer. 
The space above the ether con- 
tains only its vapor. The other 
bulb is covered with a piece of 
muslin. A thermometer on the 
stand gives the temperature of 
the surrounding air. 

FiE. IDS. 666. Ether is allowed to £all 

slowly upon the muslin, and by its evaporation, it cools 
the bulb. This condenses the vapor inside, and accelerates 
the evaporation in the other bulb, cooling it, until finally 
moisture begins to be deposited upon the bulb. The tem- 
perature at which this occurt. is the dew point, and the 
elastic force of vapor at that tem- 
perature IS the elastic force of 
the amount present in the atmos- 
phere Dividing this by the elas^ 
tic force of vajKir at the tempera- 
ture of the atmosphere gives the 
hygrometric state. 

566. The Psychrometer, Fig. 
18i, is used by the United States 
Signal Service to determine the 
hygrometric state. It consists of 
fje, iw. two thermometers, the bulb of one 

covered with muslin, and kept moist by dipping in a vessel, 
of water. The difference of the two thermometers is taken, 
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and the percentage of moisture is then found in a table. 
In the one here Bhown, an index is added to show the rela- 
tive amount of moisture in the air. Such an instrument is 
commonly called the Hygrodeik. 

567. Hygrometers of Absorption are made of some sub- 
stance which absorbs moisture from the air. Thus; if two 
figures are connected by a thread, the moisture of the air 
will twist the thread and force one of the figures forward, 
The little toy for determining the state of the weather 
often seen in shop windows is constructed in this way. A 
figure of a man and one of a woman are connected by a 
cord. In moist weather, the contraction of the cord draws 
the woman inside and forces the man out. In dry weather, 
the action is reversed. 

568. Clonds and Fog. When a warm current of air 
moving in one direction meets another current from a colder 
region, the warm current is chilled. This brings it nearer 
to the point of saturation. If it reach that point, the 
vapor becomes visible and forms a Cloud. A cloud resting 
upon the earth is called Fog. 

569. Bain, Snow and HaiL When a cloud has become 
sufficiently dense, the moisture begins to collect in minute 
drops which descend from gravity, increasing as they fall, 
until they reach the earth. This is Rain. 

670. If the cold current chills the warm sufficiently to 
cause the moisture to freeze as it condenses, it forms Snow. 
This usually occurs in the upper regions of the atmosphere. 

671. Sometimes drops freeze as tbey fall, often increas- 
ing after they have frozen. This is Hail, Regular hail 
stones are pear shaped, and are frozen in concentric layers. 
Irregular hail stones are formed by several hail stones 
freezing together, or by fracture. 
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572. Dew. The radiation* from the surface of the earth 
during the night cools the earth. When this reduces the 
temperature below the point of saturation of the atmos- 
phere, the moisture is deposited from the layers near the 
earth, and forms Dew. It is deposited most abundantly 
upon the blades of grass, and upon other pointed objects 
because they radiate heat most rapidly in proportion to 
to their mass, and so reach the lowest temperature. 

573. Frost. If the temperature descends below freezing 
point, the deposited dew solidifies and forms white or 
hoarfrost. The so called black frost is simply the freezing 
of the plants themselves without being covered by moist- 
ure, or with only a very thin layer. 

Section IV. — Sphbboidal Condition. 

574. If a drop of liquid is placed upon a highly heated 
metallic plate, it does not immediately boil, but rolls qui- 
etly around, and slowly evaporates. This is well illustrated 
by placing a drop of water upon red hot iron, or a drop of 
ether upon heated silver or platinum. This is called Sphe- 
roidal Condition, 

^^ 575. If a drop of wa- 

ter be placed upon a 
heated plate, and a can- 
dle be placed beyond, 
Fig. 185, the light can 
^^^^^^^^^^^^^^^ be seen between the 

drop and the plate. 

^«i8«- This shows that the 

liquid does not touch the plate, but rests upon a cushion of 

its own vapor. The non-conducting power of the vaporf 

prevents the liquid from reaching the boiling point. 

♦See Sec. 689. 
iSee Section 683. 
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576. But if the plate cools so 
that this CQshioa of vapor is no 
longer formed, the drop imme- 
diately evaporates with a slight 
explosion which scatters the drop 
in all directions, Fig. 186. 

577. Boiler Explosions. An 

' experiment suggested by Dr.Tyn- 

mg. ISO. dall indicates that some explosions 

of steam boilers may be produced by the spheroidal cond>- 

tion. A copper flask. Fig, 187, is fitted with a cork through 

which aemall glass tube passes. 

^i\ ^y. Theflaskis first heated redhot. 

A small quantity of w&ter is 
then poured in and it at once 
assumes the spheroidal condi- 
ng, 187. tion. The cork is then inserted, 

and all the steam formed escapes through the small tube. 
But removing the flask from the source of heat, the 
water soon touches the flask, a large amount o£ steam is 
formed almost instantly so that the tube is no longer 
large enough to allow it to escape, and the cork is driven 
violently out. 

578. So, if from any cause, the walls and tubes of a 
steam boiler become so hot as to place the water in the 
spheroidal condition, when on cooling, the water once 
more touches the iron, sufficient steam would form to cause 
an explosion. 
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METHODS IN WHICH HEAT MOVES. 

579. Heat travels in three ways. The heat from the 
source may be applied to one portion of the body to be 
heated, and the heat may then travel from molecule to mol- 
ecule, each molecule being heated : Conduction. Or, second, 
the molecules nearest the source of heat may be heated, ex- 
pand, and then move tonew positions, while others take their 
place: Convection. Or, third, the heat may pass from the 
source thrOugh the intervening space to some body to be 
heated, without heating the intervening medium : Radiation. 
Section I, — Comductioit. 

680. Conduction is practically confined to solids, since 
the molecules of liquids and gases take new positions be- 
fore giving their heat to the contiguous molecules. Solids 
which thus transfer beat readily are Good Conductors : e.g. 
metals. Such solids are of nearly uniform temperature 
throughout their entire extent. Solids which do not trans- 
fer heat readily are Bad, or Non-Conductors: as glass and 
the resins. 

581. The Conductometer, Fig. 188, is used to show the 

^^^^L difference in the conducting power 

Z^^^^^M^t,^^^ ^^ different solids. It consist of a 

^^BB^^^^Sm^ brass box carrying a series of rods 

^^^^^^^^^^k of different metals placed in the or- 

^^^H^^^^^^B der of their conductivity. A small 

^^gU^^^^^P piece of wax is placed upon each, 

'^^^^^^^ and the box is filled with hot water 

Fig, 1*8. ag the source of heat. The wax on 

the ends of the rods liquefies in the following order, Silver, 
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Copper, Iron, Zinc, Tin, Lead, and lastly, Glass. This 
shows the order of the conductivity of these metals.' 

683. Homogeneous solids transmit heat with equal fa- 
icility in all directions. But if the molecules are arranged 
differently in different directions the rate varies. Thus a 
piece of wood conducts heat most readily in the direction 
of its fibers. So too, a crystal, the length of whose axes 

Ovaries, conducts heat moat rapidly in the direc- 
tion of its longest axis. This is shown by cov- 
ering asection with wax, and heating its centre. 
Such asection mat 
Fig. isai perpendieulartothe 
longest axis shows a melting * 
of the wax in the shape of a 
circle, Fig. 189: when the sec- ^Tim." 

tiou is parallel to that axis, the figure formed by the melt- 
ing wax is in the shape of an ellipse, Fig. 190. 

583. LiqnidsandGasesconductheat 
very slowly. This is readily shown hy 
the apparatus of Fig. 191. A funnel 
shaped vessel has an air thermometer 
passing down through the neck and 
dipping in a vessel of liquid beneath. 
The funnel is then filled with water 
just over the bulb of the thermometer, 
and a layer of ether is poured upon the 
water and ignited. The heat is con- 
ducted through the water too slowly to . 
affect the thermom^r. 

584. In the same way, if a test tube 
containing a little water is placed in a 
freezing mixture of ice and salt, the 
water freezes. Then the tube can be 
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nearly filled with water, and the water boiled in the upper 
part of the tube without melting the ice. So the tube 
contains at the same time, ice, cold water and boiling water. 

586. The non-conducting power of liquids prevents 
ponds and lakes from cooling to freezing point throughout 
their entire depth, in connection with the expansion of 
water below 4®C.* The surface is cooled, but the mass 
beneath remains above freezing point. 

The non-conducting power of gases is applied in double 
walls and windows. The air between is confined, and re- 
tains the heat of the inner wall. 

So too, clothing is warm because of the air confined be- 
tween the layers. 

' A similar application of the non-conducting power of 
porous solids which contain large masses of air is made iu 
the Norwegian kitchen. The cooking is begun in a tin or 
copper vessel, which is then removed and placed in a box 
packed with felt. The non-conduction of the felt retains 
the heat for a long time. 

So also, a piece of ice is kept from melting by wrapping 
in flannel. 

Steam pipes are often packed in sawdust, plaster, or as- 
bestus for a similar reason. 

Section II. — Coitvection. 

586. Liquids and Oases are heated by Cont;^C^i(m. That 
is, the portion nearest to the source of heat becomes heated 
and expands, so diminishing its specific gravity. It then 
rises to the surface carrying the heat with it, while another 
colder portion takes its place. This is in turn heated and 
rises. Thus a series of currents is formed and continues 
as long as the heat is applied. 

* See Sections 527 and 628. 
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687. The conTectioD currents can be well shown by the 
apparatus of Fig. 192. Aglass 
vessel is filled with water con- 
taining bran or flowers of sul- 
phur and heated. The motion 
of the bran then shows the 
heated current ascending in the 
middle, while the cold descend- 
ing currents appear near the 
glass. 

588. Rooms are heated by 

convection of gases. The air 

near the stove is heated and 

Fig. liK. rises to the top of the room, 

while cold air takes its place. Thus a series of currents is 

set up, warming the room. 

The same principle is applied in hot air furnaces. The 
cold air is admitted to the Tumace in the cellar irom the 
External air. It is then heated, and rises through pipes to 
the rooms to be heated. So to accomplish this there must 
be some escape for the air already in the room, else the 
beated air cannot enter. 
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589i Heat can also travel through an intervening me- 
dium to an object beyond, without raising the temperature 
of that medium. This is Radiation. Thus, a person stand- 
ing in front of a &re feels the heat of the fire. But if a 
screen be placed between him and the fire, he no longer 
feels it, because the screen intercepts the radiant heat. 

590. Bi^. A ray of heat is the heat that passes along a 
straight line. 
A heam or pencil is a collection of rays. 
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€91. Lnmiiiotis Heat is heat from a source tKat also 
gives light, that is, has a temperature above the point of 
iueandescence. Obscure, or dark heat is radiated from a 
source that is not luminous. 

Since Heat is one of the radiant forceti, it follows the 
law of Inverse Squares.* 

693. Laws of Badlaot Heit. Place a thermometer in 
different positions around a source of heat, but at equal 
distances irom the source; it everywhere indicates thesame 
temperatatre. Hence I. Heat is radiated in all directions 
equally. 

693. If a screen be placed between the thermometer ani) 
the source of heat, the temperature no longer rises. Hence 
II. Heat is radiated in straight Ums.f 

694. HL Laws of Intensity. The intensity of radiant 
heat is best measured by the Ther- 
mo-electric pile. J Theinstrument 
is arranged as in Fig. 193. A tin 
box with blackened sides, is placed 
in front of the open cone attached 
to the instrument, and water at 
10°, 20°, etc., is placed in the box. 
The deflection of the attached 
Galvanometer varies in the same 
proportion. Hence I. The inlen- 

^ sity varies as the temperature of 
I the source. 

95. Water is then placed in 
the box and kept of uniform temperature. The pile, with 

•See 8ea. no, page U. 

(ThlB Is oonflned to niedik at tmirorm denally. II the dendty Tarlee, le- 
fnuttton takes place aoooidins to the laws developed nnder Usht, Sec 683. 
IFoT Its oonatmctlon an<I nae, bhi Eleotriclt;. 
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the cone attached, is placed in front, and removed to dif- 
ferent distances. The deflection remains constant. But 
by producing the sides of the cone until the lines reach 
the box, it is seen that the area inclosed, that is, the sur- 
face which radiates to the pile, varies as the square of the 
distance. Hence Radiant Heat follows the law of inverse 
squares, or 11. The intensity varies inversely as the sqimre 
of the distance, 

596. If a screen containing an aperture be placed be- 
tween the box and the pile, the deflection of the galvan- 
ometer remains constant, at whatever angle to the pile 
the box be placed. But the area of the box opposite the 
opening increases as the angle increases. So then, the 
number of rays that can pass the aperture from a given 
surface must decrease as the angle varies from parallel 
with the screen. Hence III. The intensity varies with the 
obliquity of the rays, 

697. This last experiment explains the difference of heat 
on the earth's surface at different seasons of the year. For 
as the angle at which the rays of heat strike the earth's 
surface diminishes, the number of rays which meet any 
given area, diminishes. 

698. Theory of Exchanges. If a hot body be brought 
into a room, the temperature of all neighboring bodies is 
raised by radiation from the heated body. But if a cold 
body be similarly placed, the temperature of surrounding 
bodies is lowered. This process goes on until all bodies 
become of uniform temperature. Indeed, it does not stop 
then, but its effects are no longer apparent, since every 
body radiates the same amount of heat that it receives. 
This is called the theory of exchanges. 

A body is heated when it receives more heat than it 
radiates: cooled when it radiates more heat than it receives. 
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599. Canses which yiiry the Bate.of BadiatioiL Heat 

is radiated only from the surface. Hence changes which 
vary the surface while the mass remains the same vary the 
rate of radiation. Thus, a polished body will radiate less 
than a roughened surface, because the surface is really less. 

A stove is covered with graphite to increase the rate of 
radiation. It is polished for the sake of its appeai'ance, 
though the polishing reduces the radiating power of the 
graphite. 

A dark body usually radiates better than a light one. 

600. Effect of Heat upon a Surface. When rays of ra- 
diant heat meet a surface, they may be Transmitted^ Ab- 
sorbed, or Reflected. 

601. L Transmission of Heat Any body which will 
allow heat rays to pass is called a medium. No substance 
is known to allow all the heat to pass; nor indeed will any 
substance intercept all the rays. A body which will allow 
the greater part of the heat to pass through is called dia- 
thermanous ; one that intercepts nearly all is called ather- 
manous. Rock salt is the most diathermanous body known ; 
alum the most athermanous. 

602. A Burning Glass. Since heat is refracted the same 
as light, only when rays meet a surface at right angles, 
can they pass directly through. So a lens of glass, or of 
rock salt, will concentrate the heat rays, or bring them to 
a focus, the same as those of light.* Paper, or tinderi 
placed at the focus is inflamed. 

603. II. Absorption of Heat Heat rays which meet 
the surface of a body, may enter that body, but fail to pass 
through. In this case, they expend their force in moving 
the molecules to a greater distance from each other, that 
is, in raising its temperature, and are said to be absorbed. 

*See Light, Sees. 701 and 704. 
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In general, bodies absorb heat readily that radiate it 
readily. Thus roughened and blackened surfaces absorb 
the m(»t rapidly. 

60i. Franfalin's Experiment. To test the influence of 
color upon the rate of absorption, Franklin placed pieces 
of cloth of different colors, upon the surface of clean snow, 
and allowed the sun's rays to fall directly upon them. 
Black absorbed the most, so that it quickly melted the 
snow and sank in the depression made. Other colors ab- 
sorbed less, until the white actually formed a protection 
to the snow, less melting under that than around it, so 
that in a short time, the cloth was elevated upon a heap of 
snow. 

606, For the same reason, dark clothing absorbs more 
of the sun's direct heat than light, and is warmer. There- 
fore light clothing should be worn in summer, and dark 
in the winter. 

606. nL BeflectJon. The heat rays which meet a sur- 
face may be turned back from that surface. This is Reflec' 
turn.* 

607. Experimental Proof. The reflection of heat may 




•For the tows of Reaeotlon, lee Seotlon 383. 
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be proved by using a concave reflector of polished silver or 
brass, Fig. 194.* A tin cube with blackened side is placed 
before the reflector and filled with hot water as a source of 
heat, and a delicate thermometer is placed in the focus. 
The heat rays radiate from the cube to the reflector, 'and 
after reflection are brought to a focus upon the thermometer. 
The rays of heat can be traced in the same way as the 
sound waves in the Whispering Gallery.* 

608. Radiation and Reflection in a Yaeaum. Heat is 

radiated and reflected readily in the vacuum produced by 
the air pump, for a current of electricity passed through a 
platinum wire which is placed in the focus of a concave re- 
flector under the receiver of an air pump, heats a thermom- 
eter at the focus of a second reflector. Probably, in a per- 
fect vacuum, heat would not pass. This has never been 
produced, and it seems likely is unattainable. 

609. Reflection of Cold. Since cold and heat are relative 
only, cold should appear to be reflected the same as heat. 
Thus, if a piece of ice be placed in one focus of a pair of 
reflectors, and a thermometer in the other, the thermome- 
ter falls. This result is explained upon the principle of 
exchanges. The thermometer simply radiates more heat 
than it receives, and so falls. 

Section IV. — Sources of Heat. 

609. The sources of heat are of two classes: I, those in 
which the heat is produced by Chemical Action: II, those 
in which the heat results from Mechanical Action, 

610. I. Chemical Action. Nearly all chemical changes 
are accompanied by a change of temperature. When the 
chemical action is a union, the volume is usually diminished 
and heat is produced. When the volume increases, the 
temperature is usually reduced. 

*See Section »96. 
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611. Comlnistiwi b the most familiar chentical change 
which produces heat. This is really a union of the oxygen 
of the air with the combustible. Flaine is produced when 
the temperature is above the point of vaporization of the 
substance burning, when the gas produced bums. If the 
flame contains incandescent particles, it produces light. 

613. The Sun. The real source of the sun's heat is un- 
known, but mauj phenomena indicate that it is chemical 
action of some kind. It is certainly surrounded by enor- 
mous flames of incandescent gas, and these indicate chem- 
ical changes. Its present temperature is above the point 
of vaporization of iron, so that it is constantly radiating 
heat into space in all directions. The Stars are in a simi- 
lar condition. 

613. II. Hecbanlcal Action. All mechanical action is 
accompanied by heat. This results either from friction, or 
from compression, which brings the molecules nearer each 
other. 




Fig. IM. 

614, The apparatus of Fig. 195 is used to prove the pro- 
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duction of heat by friction. A brass tube is screwed to a 
small pulley on the whirling table, and is made to revolve 
rapidly by means of a large wheel. It is then partly filled 
with water and corked. Friction is produced by the hard 
wood clamp P, and this soons developes sufficient heat to 

I boil the water. The steam generated then expels 
the cork. 
616. The Fire Syringe, Fig. 196, shows the 
production of heat by compression. It consists of 
a cylinder with a piston fitting nearly air tight. A 
little tinder is placed in a cavity in the end of the 
piston, and the piston suddenly driven down the 
Fig. 196. cylinder, and quickly removed. The compression 
of the air ignites the tinder. 

61 6. The relation of mechanical action to heat is shown 
by many familiar experiments. Thus, hammering a piece 
of iron heats it. Rubbing a nail or steel pen rapidly over 
a piece of wood develops heat. The Indians, and other 
savage tribes, kindle a fire by the friction of two pieces 
of wood. 

617. The relation of mechanical action and heat furn- 
ishes one of the best illustrations of Conservation of Energy. 
Heat, by means of the steam engine, is made to do mechan- 
ical work ; and in turn mechanical work produces heat. 
By no means at command, can the mechanical work of a 
steam engine be made to produce the original amount of 
heat, nor the theoretical heat power of the coal burned be 
equaled in the work of the engine, but sufficiently near 
approximations have been made to show that if all sources 
of loss could be removed, they would be equal.. So ^11 
that man can do, is to cause energy to change its form at 
his will, and make it do his work. 
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CHAPTER m. 

SPECIFIC HEAT. 

618. The amount of heat required to raise the tempera- 
ture of different bodies through a given number of degrees, 
varies. That is, the work required to move the molecules 
apart is not the same in all bodies. The amount required 
for any given body is termed its Specific Heat^ and it is 
determined by comparison with S9me other body as a stan- 
dard. 

619. Unit of Heat. The most convenient method of ex- 
pressing heat is by alteration of temperature. The stan- 
dard usually selected is water, both from its convenience 
and because its specific heat is the highest of known sub- 
stances. Hence, the unit of heat is the heat required to raise 
one kilogramme of water through one degree centigrade. 

Sectiok I. — Determikatiok of Specific Heat. 

620. The Specific Heat of any body may be determined 
by either of two methods ; I. By Fusion of Ice; 11. By 
Mixtures. 

621. L Fusion of Ice. If a kilogramme of ice be placed 
in a»kilogramme of water of the temperature of 79.25®, the 
icemelts and the water stands at the temperature of OP. 
That is, 79.25 thermal units are required to change the 
condition of water. This heat is rendered latent, that is, 
is used in overcoming the inertia of the molecules. 

622. If a body be heated to anj'^ given temperature, on 
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cooling it again to zero, it gives out the same amount of 
I licat as it receired during tlie heaU 
;. So Black took a block of ice 
I about .3 of a cubic metre in size, 
I bored a bole into it, and fitted a 
I cover of ice. Fig. 197. He then 
I heated the body whose specific heat 
I was required, using by preference a 
I small sphere, to a certain tempera- 
"«■ 'W. ture, and dropped it into the hole 

and put on the cover. After the ball was cooled to zero, 
the ball was removed, the water carefully wiped out by a 
piece of sponge previously weighed, and the sponge again 
weighed. This gave the weight of the water. Now since 
one kilogramme of ice in melting uses 80 units of heat, P 
kilogrammes would use SOP units of heat ; that is, the 
body gave out SOP units of heat. Its specific heat would 
be SOP divided by the product of its mass and temperature. 
Let m be the mass, t the temperature, and S the specific 
heat. S=^ 

623. n. By Mixtures. The body is first heated to a 
given temperature, aud then plunged into cold water whose 
mass and temperature are known. The body is cooled, 
while the water is heated. After they arrive at the same 
temperature, the specific heat is calculated as before. 

624. The high specific heat of water is of great benefit 
in moderating climate. Since so much heat is required to 
warm the water, the temperature is more equable in the 
vicinity of large bodies of water, as the ocean, lakes and 
ponds. Forjihe same reason, the freezing of ponds and 
lakes during extreme cold weather much shortens its du- 
ration. But when the ice again melts, the process is re- 
versed, an equal amount of heat is ren'dered latent, and 
the change from cold weather to warm is rendered more 
gradual. 
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Section II. — The Steam Engine. 

625. The Steam Engine is a machine for converting the 
elastic force of steam generated in a confined space, and so 
compelled to absorb a large amount of heat, into .mechani- 
cal motion. Water is used preferably to other liquids 
because of its high specific heat. In one form of compound 
engines, bisulphide of carbon is used, the liquid being heated 
by the steam exhausted from the first engine. The steam 
engine depends upon the mechanical equivalent of heat for 
its action. 

626. Determination of the Kechanical Eqniyalent of 
Heat. Several experimental physicists have determined the 
mechanical equivalent of heat. The experiments of Messrs. 
Mayer and Joule have prcrved the most important. 

627. The conversion of heat into mechanical motion, 
and the converse, had long been noticed. Their intimate 
relation had been shown by a variety of experiments like 
the fire syringe, and boiling water by friction.* But such 
simple experiments, while demonstrating the principle, 
^ave no quantitative results. 

628. Thus air compressed into a receiving chamber is 
sensibly heated. If it is allowed to escape into the air 
after cooling to the temperature of surrounding objects, it 
is sensibly cooled by its expansion. Blowing upon the 
face of a thermo-electric pile by a pair of bellows raises the 
temperature, because the mechanical motion of the bellows, 
arising from the force applied to the handles, is directly 
employed to bring the molecules of air nearer together. 

629. Two of the most interesting experiments were made 
by Sir Humphrey Davy. His attention was called to the 
heated condition of the turnings produced in boring can- 

*8ee sections 613 and 616. 
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non, and to test the source of heat, he caused a piece of 
metal to be turned inside of a large gun^ vrhile a quantity 
of cold water was placed outside. In a few hours, the wa- 
ter boiled from the heat developed by the friction of the 
two pieces of metal. For a second eKperiment, he fixed a 
cylinder of ice so that it could be turned in a block of ice, 
while the temperature of the surrounding air was zero. In 
a short time, the ice melted. 

680. All these experiments, while showing the principle 
clearly, fell short of nu- 
m e J' ic a ] determination. 
Joule accomplished this 
by using the apparatus of 
Fig. 198. 

A roller C is made to 
revolve by the descent of 
the weight 0, and in its 
turn it causes A to revolve 
by a cord. The distance 
of the descent is meas- 
FiK. 188. ured by ascale at Q. The 

cylinder A turns a stirrer consisting of paddles P, (shown 
in section at V) placed in a copper vessel, filled with 
water. The increase of temperature measures the amount 
of heat generated. By a series of experiments with this 
Apparatus, Joule determined the value of the thermal unit 
on the Centigrade scale as 1.395 foot-pounds: on the Fahr- 
enheit scale as 772 foot-pounds. 

631. The Steam Engine consists essentially of a boiler 
anA. a cylinder. Thesteaniafter doing its work, may escape 
directly into the air, which makes the engine High Press- 
ure, or it may escape into a condensetf when the engine is 
Low Pressure. The former is used when the space is con- 
fined, or the fuel cheap: the latter, when saving fuel is 
important. 
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633. The BoUer consists of a strong rolled iron cylinder 
in which the water is 
It'' placed. Flues or tubes 
pass through the wa- 
ter, one end opening 
in the fire box, and the 
otherintothe chimney , 
to increase the radi- 
ating surface. A tuhil- 
lar boiler is shown in 
section in Fig. 199. 
5^- !»■ The fire is placed at 

A, and the gases reach the chimney at B, through the tubes, 
A safety valve is placed upon the top of the boiler to allow 
the steam to escape before the pressure exceeds the point 
of safety. 

The steam is taken from a dome E placed upon the top, 
and carried by a pipe to the cylinder. The dome prevents 
the steam from carrying water forward with itself, and 
makes the steam dry. 

633. The Cylinder. Fig. 200, is a section of the cylinder. 
C is the cyUnder, in which a piston P 
now descending, moves steam tight. The 
steam is supplied by the pipe S, and passes 
in above the piston around the rod of the 
vaive moved by the rod m, while the steam 
below the piston escapes through the pipe, 
valve and escape pipe 0. When the piston 
reaches the bottom of the cylinder, the 
valve is moved upward, closing the entrace 
pipe and opening the dischai^ pipe to 

the top of the cylinder, and opening the entrance pipe to 
the bottom. 

634. The Eccentric moves the valve. This is simply a 
circle placed upon the shaft which the piston moves, whose 




centre does not coincide with the centre of the shaft. This 
gives a back and forwatd motion to the ralve rod, as the 
shaft revolTes. 




635. Fig. 201 gives the details of the low pressure en- 
gine: c ia the steam pipe; P is the^piston. which coanects 
with the crank K, and balance wheel V, by the walking- 
beam L. The steam escapes into the condenser 0. An ur 
pump M, exhausts the air and hot water from this receiver. 
Cold water continually pours into the condenser through 
a pipe, driven in by the pressure of the external atmos- 
phere upon the surface of the surrounding cistern. It is 
fed to the cistern by a forcing pump. Q is a forcing pump 
used to supply the boiler. The governor consists of two 
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heavy iron balls joined to a shaft, which move apart as 
they revolve and ccmtrol the amount of steam supplied, by 
closing a valve in the supply pipe as they move apart. The 
pumps are all worked by the walking beam. The value is 
moved by the eccentric attached to the shaft of the bal- 
ance wheel. 

The high pressure engine omits the condenser and pumps. 

PROBLEMS. 

1. SBCTioia" 503. When the Centigrade thermometer 
indicates 30°, what temperature is indicated by the Fahr- 
enheit scale? 

2. When the C. scale indicates — 20°, what is the reading 
of the other scales? 

3. When the F. scale reads — iO°, what is the reading 
of the Centigrade? 

4. When Reaumur's scale reads — ^25.6°, what is the 
reading of the other scales? 

5. Section 495. If the coefficient of linear expansion 
of iron is .0000122, what must be the length of a rod to 
expand .1 inch in length for each degree of increase of 
temperature ? 

6. An iron suspension bridge is to be erected, 81,967 feet 
long. What amount must be allowed for expansion at each 
end of the bridge, considering the extreme limit of the change 
of temperature to be 30° ? 

7. Sections 217 and 497. The specific gravity of mercury 
is 13.6. Required the volume of 60 lbs. 

8. The coefficient of cubic expansion of mercury is yg^. 
Required the volume of 60 pounds at 70° C. 

N.P.12. 
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9. Sections 217 and 528. The s. g. of ice being .92, what 
will be the volume of water at 4° made by melting 100 
cubic feet? 

10. A recent patent for making ice in blocks from the 
freezing of water in the external air in cold weather 
requires the opening of the shell of ice formed outside by 
the first water frozen, and the removal of some water from 
the inside. How much must be removed from a block 2 ft. 
long, 1 ft. high and 1 ft. wide? 

11. Required the weight in pounds of the water removed 
in problem 10. 

12. SEcnoN 594. A thermometer placed in front of a 
stove rises 25^; another at the same distance from a lamp 
rises 5°. What is the ratio of the temperature of the two 
sources of heat? 

• 

13. Sbction^ 695. The face of a thermo-electric pile is 
exposed to the heat radiated from a distant fire, and the 
open cone is removed ; the attached galvanometer is de- 
flected 20°. The pile is then removed 100 metres and 
exposed a second time ; the deflection is now 10°. Con- 
sidering the deflection to vary as the intensity of the heat 
received, determine the distance of the fire. 
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Part III, — Optics. 

636. Introdnctioil. When transverse vibrations of cer- 
tain definite lengths reach the retina of the eye, they give 
rise to the sensation of sight. The science of Optics treats 
of the phenomena pertaining to these vibrations, and the 
laws which govern them. 

637. Ether. All space is believed to be filled with a 
peculiar kind of matter of extraordinary elasticity, called 
ether. Undulations in this ether transmit light from its 
source to the object which is illuminated. 

638. Lnminoiis Bodies give light of themselves, that is 
produce the luminous undulations. Those which do not 
are called Non-Luminous. 

Say. A ray of light means the undulations which move 
along a straight line. 

A Beam or Pencil is a collection of rays. Rays which 
separate are called Divergent; those which approach each 
other are Convergent, 



CHAPTER I. 

SOURCES AND MOVEMENT OF LIGHT. 

Sectiois^ I. — Sources of Light. 

639. The principal sources of light are the Sun and 
Stars^ and chemical action upon the earth. Recent investi- 
gations indicate that the incandescent state of the heavenly 
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bodies which makes them sources of light is associated 
with, and perhaps results from chemical action. 

640. The San is the great source of light for the solar 
system. Its intensity surpasses that of all artificial lights, 
so that they appear dark spots when placed between the 
eye and the Sun. 

641* The Fixed Stars are similar in many respects to 
the Sun. During the day, their light is obscured by the 
more intense light of the Sun. It is not however absent, 
as can be seen by looking at the sky from a deep well, 
when the stars become visible, because reflected light is 
cut off. Besides, it is not nearly as dark on a clear night 

BS when the light of the stars is obstructed by clouds. 

• 

642. Chemical Action. Intense chemical action devel- 
opes light, and most such cases are accompanied by com- 
bustion. But the light is produced by particles not actu- 
ally consumed, though rendered incandescent. 

643. The condition of a luminous flame is well shown 
by pressing a piece of stiff paper, or better of wire gauze,. 

down upon the flame of a candle, Fig. 
202. Such an experiment shows that 
the centre is dark, while a ring of fire 
encloses it. The reason is that some of 
Pig. 202. the substances, those which contain 

large amounts of hydrogen, are burned first, in the central 
part of the flame. This heats the carbon to the point of 
incandescence, while the carbon itself burns outside of the 
point of light. The carbon deposited upon any cold body 
placed in a flame shows that it is not itself consumed. 

The gas formed by the heat forms an interior cone, 
which does not burn. Outside of that is a part where 
hydrogen burns, containing heated particles of carbon. 
Around that, is the section of burning carbon. 
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644. A flame which does not contain heated but uncon- 
sumed particles is not luminous. Thus the flame of a com- 
mon spirit lamp gives very little light. It may, however, 
be rendered luminous by dropping into it some iron filings. 
So too the solid flame of the oxyhydrogen burner can be 
scarcely seen. But by placing a piece of lime in it, the 
lime is heated to incandescence, and the Drummond or 
Calcium Light is produced. 

645, Phosphorescence. A peculiar property shown by 
phosphorus and some similar substances is called phos- 
phorescence. The term is used for two series of phenome- 
na due to different causes. 

A number of bodies, after being exposed to a bright 
light, shine for some time afterwards. The sulphur com- 
pounds of calcium, strontium and barium, and certain 
minerals, notably the diamond and fluor spar, possess this 
property. It results from absorption of light by the body, 
which is given out again after the source of light is 
removed. 

646, In a similar way, a piece of phosphorus, which is 
very slightly exposed to the action of oxygen, emits a 
faint light in a dark room. This is well shown by the 
so called " harmless fire." A few small pieces of phosphor- 
us are placed in a bottle of sulphuric ether and allowed 
to dissolve. If then the ether be rubbed upon the hands 
or the face, the part seems on fire, though the effect is cool- 
ing, rather than heating. 

On the same principle, the light used in powder mills 
consists of a bottle of olive oil in which a piece of phos- 
phorus is placed. The oil dissolves a little of the phos- 
phorus. Upon removing the cork and allowing a little 
air to enter, and then shaking the bottle, the dissolved 
phosphorus emits a faint light. 

647. In like manner, some kinds of decaying wood, fish- 



bones, or certain gelatinous organisraB sbine as they undergo 
decomposition. For this cause, the surface of the ocean 
sometimes seems as though on fire. 

These latter phenomena are produced hy the chemical 
changes going on in the body. The light emitted by the 
glow-worm and the lightning bug is probably caused by 
the chemical changes in a secretioa called noctilucene. 
But they occur at so low a temperature that they seem 
allied to true phosphorescence. 

SscrnoN II. — Movement of Liqht. 

648. Light moves so rapidly that its passage between 
two points upon the surface of the earth appears to be in- 
stantaneous. Observations upon Jupiter's Eatellit«3 made 
by Boeoier in 1675 demonstrated that it does not. 

Boemer discovered that the calculated time for the 
eclipse of Jupiter's satellites varied from the observed to 
the extent of 16 minutes and 26.6 seconds. He found the 
cause of this in the different positions of the earth in its 
orbit. 

Fig. 203 shows the reason for this. J Is the planet, and E ite 
eateUite approaohing the shadow ot the planet. When the earth 
is at R on the aide ot its orbit nearest Jupiter, the length ol the 
ray vhicU reaches it from the satellite ia 'ER. But it the earth be 
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at T on the opposite side of the orbit, the ray is ET. This ia 
longer than EE by the distance BT, the diameter of the earth's 
orbit If now the time of Ihe eclipse was calculated for the point 
R, when the earth is at T, the eclipse occurs 16 minutes, 26.6 sec- 
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onds after the calculated time: but if the time is calculated for T, 
it occurs 16 minutes 26.6 seconds before the calculated time, pro- 
vided the earth be at R. That is, light occupies 16 minutes 26.6 
seconds in crossing the earth's orbit, or 8 minutes 13 seconds in 
Gomlug to the earth from the sun. 

649. The above observation gives light a velocity of 
about 190,000 miles per second. Since that time, the ve- 
locity of light in air has been determined by direct experi- 
ment, and has been proved to be slightly less than the 
above rate. Its velocity has also been detennined for other 
gases, for liquids and for solids, and has been found to di- 
minish vrith the density of the body. 

650. Intensity of Light. This involves two questions; 
the intensity of the light which falls upon an intercepting 
surface; and the intensity of the source of light. 

651. Light Propagated in Straight Lines. If a lamp 
surrounded by a sheet iron chimney be placed in front of 
the eye, a single spot of light is visible. If several cards 
containing small holes be placed between the eye and the 
hole in the chimney, the light is visible when the holes 
TDfilkd a straight line. But if the hole in one card be out 
of the straight line,^the light becomes invisible. This 
proves that light n\pves in straight lines, provided the me- 
dium is homogeneous. 

652. A luminous body is seen in all directions. Hence 
the light given off by a luminous body consists of diver^ 
gent rays. This holds true of bodies of all dimensions. 
Hence a luminous surface may be considered as made up 
of a series of luminous points, each of which gives off 
divergent rays.. • . 

653. Shadows result from the interception of these 
divergent rays. If rays of light are intercepted by an 
opaque body, darkness exists beyond that body. This space 
where light is wanting is called the Umbra^ or complete 
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shadow. Around this, is a space where the light is only 
partly intercepted, where a part of the luminous body can 
be seen. This is the Penumbra. 
Shadows present the following cases. 

651. I. A Liiminons Point, whose light is intercepted 
by an opaque body, as 
la sphere. Here the 
1 shadow, or Umbra, is 
Idetermined by lines 
I drawn from the point 
I tangent to the sphere, 
I Luc and Lbd, Fig. 20i. • 

That is, the Umbra 

^'"***' isthefrustumofacone 

whose apex is at the luminous point. A section of the 

shadow made by a screen perpendicular to the axis of the 

cone, aa S, ia a circle. There is no Penumbra. 

655. n. A Luminous Body Smaller tlian the Opaqne. 

In this case, the Umbra is determined by drawing lines 
~| tangent to both 
bodies. It is the 
frustum of a cone 
whose apex is at the 
point P, Fig. 205, 
where thetangents 
meet, beyond the 
A section made as in case I, is a circle. 
l>e drawn which cross between the bod- 
ies. These tangents determine the Penumbra, which sur- 
rounds the Umbra, ace, and bdf of the' figure, and its 
section is a ring surrounding the Umbra. 

656. in. Lnminons and Opaqne Bodies of the same 

•Tin* and bU the ylewa of dudowg BreBlunm in pUne Motion. 




luminous body. 
Tangents can a' 
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Diameter* This ia a purely hypothetical case, and is deter- 
mined like case second. The Umbra is a cylinder. 

y 637. lY. The LaminODS Body Larger than tlieOpaqne. 

The Umbra and Penumbra are determined as before. But 
I now the apex of the cone is 
I beyond the opaque hody.'ftt 
^-— J P' I'ig- 206, and the Umbra 
; 7 £:S ?^^ ^^BHIHB constantly diminishes in di> 
I ameter until it reaches the 

I apex. The Penumbra in- 

^^- ''^^ creases and extends to an 

infinite distance. This is the most important case, as the 
shadows of the planets are determined by it, and eclipses 
require its application. 

658. Images by Small Apertures. Since every point of 
a body which acts as a source of light gives off divergent 
rays, a certain number of rays must reach an aperture. It 
follows that if the aperture be small, the rays will cross in 
the aperture and form an inverted image beyond. 

Fig. 207 shows this. Adl- 
I vergent pencO of raya starts 
I from the point A and passes 
I the aperture of the box O. 
I Thej then continue in the 
le line, and reach a, where 
they form an image of that 
point. In the same way, 
raysstartfromB, pass the aperture and form the point at 6. Sim- 
ilarly, rays start trova all the intermediate paints and form the 
image of the entire object in an Inverted position. 

659. Laws of Intensity. Since light is a radiant force, 
it conforms to the general laws of radiant forces. That is 
I. The intensity of light varies inversely as the square of 
the distance from the source. II, The intensity of light va- 
ries tpith the obliquity of the intercepting surface. 
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660. Light famishes the best means of profiug the law 
of inverse squares. 

For if a piece of paper or board 
whose eide la unity, Fig. 208, be placed 
at a distance ol imitj troja Uie source 
ot light, itashadowwill justcoveran- 
other whose side is two, placed at twice 
thediBtance: or whoae side Is three at 
three times tlie distance. That Is, the 
light, which falls upon the laiger. ob- 
ject is all intercepted by one wltoee 
Fg. 308. area is one-fouitii or one-ninth itself. 

Or, the light which reaches any given area at the distance ol unity 
is four times that which the same area receives at twice that dis- 




The second law is proved by allowing a beam of light 
to pass through a small aperture and fall perpendicularly 
upon a surface beyond. If the surface be inclined, a larger 
area is illuminated. But no more rays can pasa through 
the aperture, so that the intensity is diminished. 

661. Photometiy. The art of measuring the compara- 
tive intensity of different lights is called Photometry, and 
the instruments for measuring, Photometers, 

Unit of Ufi^t. Lights are measured by comparing their 
intensity with the hght given by a sperm candle burning 
at the rate of two grains per minute. This unit is called 
a Candle Power. 




Pij[. xa. 
662. Rnmford's Photometer, Fig. 2( 



, consists of a screen A, in 
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front ot vhiob is placed a black rod B. A candle bnndng at the 
rate mendoned above Is tben placed in front ol the rod, a little to 
one Bide, and the light vboae intensity Is to determined is placed 
a UtUe to the other aide. This last light is then moved until the 
two Bbadows cast b7 B are equally dark. The distance of each 
li^t Is then measured, and their comparative intenaity is Inversely 
as the square of the distance. 

663. Bnnsen's Photometer is an improvement upon 
Rumford's. To determine exactly the point where both 
shadows are equal requires great ekill. Bunsen removed 
this difficulty by placing the lights at opposite ends of a 
graduated scale, and placing between them a disc coated 
with wax, except a small wpot in the centre. The wax al- 
lows the transmission of light, so that the centre appears 
light on a dark background if the stronger light is in 
front of it, and dark on a light background if the more 
intense light is beyond. It is then moved until the spot 
disappears, when both Bides are equally illuminated. The 
comparative distance of the two lights determines the in- 
tensity, as before. 

661. 'Wheatstone's FhotAmeter, Fig. 210, coneiets of a revolving 
brass bead. The light reflected from it produces a cnrve, and 
this remains visible for a short time. With two lights of different 





Fig. HO. 
intensity, two ctures of different brightness are produced. Tbe 
lights are then moved until they are nniform and the distance of 
the li^ts measored. Their intensity is then determined by the 
law of Inverse sqnaiee. The curves are shown at the right. 
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CHAPTER n. 

INTERCEPTION OF LIGHT. 

665. When luminous vibrations reach the surface of a 
body, either of three things may occur. I, The light may 
he Absorbed^ that is changed into some other form of mo- 
lecular motion. II. The light may he Reflected^ that is 
turned away by the surface of the body. III. The light 
may he Transmitted^ or pass directly through. The first 
needs no discussion. 

Sbctiok I. — Rbflectiok of Light. 

666. Irregular Beflection. The surface which reflects 
light may be so rough as to send the light in all directions. 
So wherever the observer be placed, some light reflected 
from the object will reach his eye and enable him to see it. 
This is Irregular Reflection^ and without it bodies would 
be invisible. The ordinary difiFused day light results from 
this reflection from the particles of air and from the sur- 
face of bodies. 

667. Begalar Beflection. The reflecting surface may be 
nearly regular, that is a portion of a plane, or some other 
regular figure. In this case, the light will be reflected to 
some definite position. This is Regular Reflection. 

668. General Laws of Reflection. If a mirror be placed 
horizontally so that a beam of light entering a small 
aperture can reach it, the light is reflected to the opposite 
wall. Hence I. The Incident and Reflecting rays are in a 
plane perpendicular to the reflecting surface. 




M9. H now a small mirror. Fig. 211, be placed at «ie centre ol 

a graduated cltde, and a lins be 

drawn perpendicular to the mirror, 

I when a beam of light reaches the 

mirror, the angles upon both aides 

FU. lu. of the perpendicular are seen to be 

eqnal. Tliia is true at whatever angle the Incident beam reaches 

the mirror. 

Hence, 11. The angles of Incidence and Rejtaction are equal. 

67(k HiiTOrS. Metals witli a polished surface refiect light 
regularly, and form images of objects placed before them. 
A reflector of this kind is called ametallic mirror or speculum. 

Common mirrors consist of glass coated on the back 
with a metallic amalgam. The principal reflection is from 
the metallic surface, but the surface of the glass towards 
the object also reflects some light, so forming a second 
faint image, and obscuring the effect. 

Mirrors are of various shapes, as plane, cylindrical, con- 



671. Axes. Lines drawn perpendicular to mirrors are 
called axes. If a mirror have a focus, that is a point to 
which all the rays of light converge, the mirror is regular, 
In spherical mirrors, the aies pass through the centre, and 
the axis which passes through the principal focus is called 
the principal axis. All others are secondary axes. 

672. Images fonuedbf Plane Hlrrors. LA Lnmlnoiis Point. Let 
a inminous point A, Fig. 2ia, be placed ia front of a plane mirror, 
M N. A pencil of divergent raj^g passes 
from the point to the mirror. These rays 
strike the mirror at all points, but any 
two, as those Arhich enter the eye, will 
show the conditions of aU. The ray AB 
strikes themirrornt It, making the angle 
of incidence ABD, and is reflected mak- 
ing the aniEle of reflection DBO equal to 
It. It then reaches the eye and appears 
to come from the point a behind the mir- 
ror, where the xe^ meets the axis passing 
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thronghA. flimilatlj, the ray AC, by reflecUon, reaches tbe eye, 
and appears to come from a, for the eye sees every ray m the di- 
rection in which it enters it. So the light appears to be as lar 
behind the mirror as It really la in front. 

«;8. IL An Oldeet. Let an object AB be placed in front of a 

plane mirror IDJ, Pig. 213. Each point then becomes a source of 

. light, and may be traced as in 

I Case I. By drawing seoon- 

I dary axes from the endfl, and 

1 tracing the rays which enter 

I the eye, the poattion of the 

I image is found. The ray AO 

I meets the mirror at G, making 

angle of incidence AGE, 

I and Is reflected at an eqnal 

I angle to the eye. Tracing the 

riB- aia. ray back of the mirror nntil 

it meets the axis, the point A is fonnd at a. So the ray reflected 

from H meets the axis BC at b, where the point B la fonnd. 

The im^ is then as far behind the mirror as the object 
is iu front of it. It ia a virtual hnage, because a screen 
placed where the image is would receive no light. When 
an image would be formed on a screen, it is real. 

674. On this principle, a person standing beside a pond 
sees the objects upon the bank reflected fi*om the water in 
an inverted position. The points nearest the water seem 
nearest af t«T reflection, so that trees and other objects have 
their tops turned downward. 

A person standing in front of an upright plane mirror 
can see his whole body if the mirror is one-half the length 
of his body. The reason is that the rays of light from his 
feet which are reflected to his eye meet the mirror at a 
point half way between his eye and feet. For this reason, 
the lower half of mirrors reaching to the floor is valueless, 
except for ornament. 

676. Hie Kaleidoscope. If two mirrors be placed at a 
right angle to each other, a luminous body placed between 
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them is repeated by reflection three 
times. 

Let O, Fig. 214, be a sonroe of light. 
The ray 00 reaches the eye at B, 
plAciiig the image st O'. So the tay 
OA is reflected from A to B, and from 
B to the eye, so giving the image O". 
The ray OD Is also reflected to the eye 
prodncing an Image at O"', so that 

I the eye Bees the original source of light 

FIR. hl and three reflected images. 

The Kaleidoscope applies the principle of multiplied im- 
ages. It consists of three plane mirrors placed st angles 
of 60° with each other. A few pieces of Tariously colored 
glass are placed between, and light admitted through the 
end opposite the eye. The light from the pieces of glass 
and the various reflections then combine to produce regu- 
lar figui^. The number made is very great, and some of 
them are wonderfully beautiful. 

676. Concare Klrrors are usually either sections of a 
hollow sphere or of a paraboloid. The former will show 
the principle of all. 

677. Focus. Rays of light reflected from concave mii^ 
rors meet at some point called a focus. 

Principal Foeos. Rays of light from a body at an infi- 
nite distance from the mirror, as the Sun and Stars, are 
parallel. The point where such rays meet when parallel to 
tlie axis is called the Principal Focus. 




Fig. MS shomi how the principal f ocns is determined. The par- 
alle] rays meet the mirror HL' at the points a, h, c, d, etc. Badii 
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drawn to these pointB give the angles of inddenoe, and Uie tajn 
are then reflected, juaklng the iinglea of reflection equal to tbe 
angles of incidence. They thenmeetatFtheprinoipalfocns. Tbls 
is half y/Bj between C and E. 

This discussion shows that the principal foeuB is upon 
the principal axis, midtmy between the centre of curvature 
and the mirror. 

678. Sec«ndar7 Foct II the light be brought nearer tbe inim» 
the rajs diverge, as 
LK, LI, etc.. Kg. 
216. The focns is 
found as before, by 
drawing the radii C 
K, etc. T andmaking 
the angles eqoal. 

Tig. Hi. It Is at I, further 

from the nUrror than the principal focns F. 

The reasoning demonstrates that hringing the light 
nearer the mirror removes the focus to a greater distance 

If the light be brought to the centre C, all the rays are 
perpendicular to the mirror. They are then reflected di- 
rectly back to the source of light. 

When the light is placed nearer the mirror than the 
centre, as at 1, the focus is removed beyond the centre to 
L. These two points L and 1 are called Conjugate Focii, 
because rays from a source of light placed at one meet at 
the other. 

So again if the light be placed at the principal focus F, 
the reflected rays are parallel. 

679. Formation of Images. The image of an object 
placed in front of a concave mirror can be found by con- 
sidering each point of the object as a source of light, and 
tracing the point of meeting of the rays. 

Let AB, Fig. 317, be an abject placed before the oonoave mirror 
MN. Draw secondary axes from the points to be fonnd, as the 
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I extremitieB A and 
For U these be 
■ determined, all ia- 
I termedlate points 
I will be on tbe line 
I Joining them. The 
mSaxy axea u« 
Pte. aiT, ~ AFand BQ. Then 

draw rays from the points AandB to the mirror, OS ArundBa. Tbe 
radii to the points of meeting, Cr and Cs, give the anj^es ot inci- 
dence, and the angles ol reflection are eqnal. The reflected ray 
traced from r until it meets the secoadarjr axis AF fixes the point 
A at A'. Bta similarlj toundat B'. 

So wh«a the object is beifond the centre, the image ia be- 
tween the centre and the principal focus, is real, inverted, and 
diminished. 

680. All images are foand in a similar way. If the 
object' be placed at the centre, there is no image: if be- 
tween the centre and ike principal focus, it is magnified: if 
between the principal focus and the mirror, it is a virtual 
image. 

681. Convex Mirrors. A convex piirror is a section of 
a sphere which reflects from its exterior surface. The foci 
of such mirrors are found in the same way as with concave 

I mirrors. 

Fig. 218abow8the 
tocoa F of pandlel 
rays . The perpen- 
diculara Ca,Cb, etc. 
are dravn through 
the mirror. 

Tig. 91& The ray Ar is 

reflected in the direction rH, and traced back meets the 
principal axis at F, half way between the centre and the 
mirror. But a screen placed at F would receive no light. 
The focus is then virtual, and behind the mirror. 

H.P.13. 





a. Imagee bjr Cmtbz Mtann. Theae ue found m ia ac»oaT« 
mliroTs by traoiiii^ n^ 
of light. Fig. ai9. To find 
the poBition of the pcdnt 
A, draw tbe aeoandaxj 
axis AC. The ray AD U 
reflected mftttng the an- 
gle of I'cflection equal to 
Fig. 218. the angle of incidence, 

and traced behind the mirror, meets the Becondary axis, at a. In 

the same way, B is tomid at 6. 

The image made by such a mirror is then smaller than 
the ohjeet, is direct and virtual. 

, SBcnoN 11. — Kkfraction. ' 

683. Definition. Light vrhich paeees obliquely from one 
medium to another of different density is bent at the sur- 
face where the two media come in contact. When pass- 
ing to a medium of greater density, the waves move slower, 
and the light is bent towards a perpendicular to the sur- 
face. When the light passes to a medium of leas density, 
the rays are bent from the perpendicular. This change of 
direction is called Redaction. 

684. Befractlon Shown. A glass vessel placed in the 
path of a beam of light allowed to enter a dark room by 
a small opening, clearly shows refraction. The path of 
the light before reaching the water can be seen by irregular 
reflection from the dust diffused in the room. Reflection 
from the molecules of the water shows the path of the 
light in the water. The change of direction takes place 
at the surface of the water. 

685. Laws of Befractloil. Refraction agrees with reflec- 
tion in its First Lair: The angles of incidence and refrac- 
tion are in a plane perpendicular to the surface. 

To determine the Second Law, some instrument for com- 



INDES OP EEPEACTION. 



195 




I paring angles is required. Asiiople 

I apptiratus is a square glass vessel 

I used as shown by Fig. 220, for exam- 

I pie, a square bottle, covered with stiflF 

I paper, with a circle cut out on one 

I side. Two diameters, AB and DE, 

I one horizontal and the other perpen- 

I dicular, are then drawn, and water 

I poured in until it just reaches the 

I horizontal diameter. A beam of 

■ light is next admitted, preferably by 

a horizontal slit, and the apparatus 

placed so that it reaches the surface of the water at the 

centre of the circle C. The path of the rays can be clearly 

seen. 

Now measure the perpendicular from the point where 
the beam of light crosses the circle H, to the perpendicu- 
lar diameter, that is HI, the sine of the angle of incidence, 
and FG, the sine of the angle of refraction. Divide one 
by the other. Now by any means, as a mirror, change the 
angle of incidence, and measure as before, and find the 
ratio; it is the same as at first. Hence the Second Law: 
The ratio of the sines of the angles of incidence and refrac- 
tion IS constant for any given media. 

686. Index of B«ft*action. The ratio of the sines be- 
tween any two media is called the Index of Refraction. It 
must be determined for every substance experimentally, and 
it differs very much in different substances. The diamond 
has the highest index of refraction; and bisulphide of car- 
bon stands very near to the diamond. 

687. Elfecte of Refi-actioD. Some familiar phenomena 
result from refraction. Thus a stick placed partly in the 
water appears broken at the surface, and the part below is 
raised. 
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So a coin. Fig. 321, 
just bidden from the 
eye at E by the aide 
cl a liasin is bion^t 
into Tiew by filling 
the basin with water. 
The raj whicb starts 
In the direction ml is 
refracted , downward 
at I BO tliat it reaches 
the eye at E. The 
to tie Bitn&ted atm' d'. 

For the same reason, a pond or river alwaya appears of 
lens than ita real depth, and a fish is not seen in its true 
position. 

688. BefractiOD b; Uie Air. The air constantly increas- 
63 in density from its outer limitB to the surface of the 

1 earth. Hence the effect upon the 
Hght i3 the same as though it con- 
sisted of a series of concentric layers 
of different medio. As the light reach- 
es each one of these, it is refracted 
Fl» 931 towards the perpendicular and hent 

downward. But the heavenly body, the Sun for example, 
appears in the direction of the last portion of the ray 
which reaches the observer at 0. So the heavenly bodies 
are always seen a little above their true position, except 
when in the zenith. The body S appears at S', Fig. 222, 
and A which is below the horizon appears coming into 
view at A'. 



689. Total Reflection. Since 
when a ray of light passes to a me- 
dium of less density than that in 
which it is moving, it is refracted 
from the perpendicular, the angle 
of refraction must reach 90°, or 
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the surface of the refracting medium, before the angle of 
incidence. The ray of light then moves parallel to that 
surface, as c c^ Fig. 223. The angle of incidence at which 
this occurs is the Critical Angle. From, water to air it is 
48^ 35'. 

The angle of incidence can still increase, and by the 
law of sines, the angle of refraction must now exceed 90*^, 
or the refracted ray must pass within the surface. This 
is Total Beflection^ and the ray obeys the laws of reflection. 

690* Mirage. A phenomenon sometimes seen in sandy desert 
regions^ caUed Mirage, results from refraotion and total reflection. 
Fig. 22i. The heated sand expands the lower layers of the air and 
makes them less dense than those above. Hence the light pro- 
ceeding from a distant object, as a tree, is refracted upward by 
the successive layers of air. At a certain point 0, it reaoSios the 




Fig. 224. 

critical angle and is totally reflected. The ray then reaches the 
eye of the observer, who sees the object in the direction in which 
the light is moving when it reaches his eye. The object la there- 
fore inverted, and appears as though^eflected by distant water. 

The above explanation accounts for the single inverted 
image only. When two or more images are seen, they 
may be accounted for by supposing that at some particular 
distance from the earth^s surface, the air has a density 
greater than either above or below. Then rays which pass 



198 



OPTICS. 



upward would be refracted and bent downward until they 
reacb tbe observer's eye, so giving an erect image above 
tbe object. Otherraya which passdownward would be bent 
upward, so curving around until they reach the eye, and 
these having crossed each other would form an inverted 
image below the object. Total reflection may occur in 
either case, or the refraction may bend the rtyrs bo that they 
reach the eye without total reflection. 

691. Beftactioa by TraTersing Media Parallel Fa^es. 
When light passes obliquely through a denser medium 
with parallel faces, it is re&*acted towards the perpendicular 
where it enters the medium, and away from the perpen- 
dicular where it emerges. This produces a displacement of 

I the ray, but its direction is unchanged. 
Thus tbe ray SO, Fig, 23S, which meetB 

I the section of a glass window pane UN at 
is Totnicted towards tbe petpendioular, and 
in the direction OP. At P, it is re- 
fracted from the perpendionlar, in the di- 
rection PE, in which the objectia seen. So 
the ray appears to come from S', and the 

I object ia moved, though the direction of tbe 
ray nimains the some. 

692. Prism. A medium bounded by 

planes which are not parallel is called a 

prism. It is usually made so that its sec- 
tion is an equilat- 
eral triangle. Pig. 
226 is a prism. 




Flit 235. 
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698. DtspIaoMnentbTaPrism. Anob- 

I ]ectseen throngha priamismovedfrom 

I tme position, and ita direction is 

I changed. Fig. 997. The ray La from 

" the object L is refracted towards the 

'^■'"- base of the priam no at a, so that it 

crosses in the direction ab. At 6 the refraction from the perpen- 

dicnlar bends the ray once more in tbe same direction, so tliat it 
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enten the eye at e. The object tlien appears to be Bitoated at r, 
M Bbown b; tiraoing baok the last part ol Uie nj. 

694. The Solar Spectram. If a prism be piticed in the 
path of a beam of sunlight admitted to a dark room, the 
light is refracted to a new position. But in place of a nar- 
row beam of white light, it ia spread out into a number of 
rarious colors. Fig. 228, which shade into each other. Seven 




colors are usually distinguished, which arranged in the 
order of their refrangibility are Violet, Indigo, Blue. Green, 
Tellow, Orange and Red. These do not include all the 
colors, but only such as are recognized. The spectrum 
really extends a certain distance beyond both ends of the 
visible portion. 

696. These Colors are Simple. Thisis proved by placing 
a second prism in the path of any one of the colors: the 
light ia still further displaced, but its color is unchanged. 
So by constantly displacing the light by a series of prisms, 
the light can be so extended as to become too faint to be 
reci^nized by the eye, but so long as it can be seen, it re- 
mains of the same color. 

696. Becomposition of White Light The above analy- 
sis of sunlight can be proved in a variety of ways. Thus, 
if the spectrum be projected upon a second prism whose 




base is in the position of the edge of the first, the light 
which passes through U again white. Or the Bpectnun 
reflected to a focus by a concave mirror gives a white light. 

Newl«ii*8 Disc The eaaieet proof of 
the compoaition of white light is Newton's 
Disc, Fig. 229. This ta a piece of cardboard 
upon which are painted the seven colors as 
nearly as possible in the proportloain which 
they appear In the speotmm. Placing this 
upon a stand and revolving it rapidly, It ap- 
pears white. 

697. Color of Bodies. The color of 
bodies depends upon the light which 
Sig, am. they reflect. Those which reflect no 

light are black, while those which reflect all are white, pro- 
vided white light illuminates them. No body, however, 
can reflect any light except such as illuminates it. If vel- 
vet of different colors be placed in the solar spectrum, each 
piece appears black except when in light of its own co\(a. 
The reason is that no light is reflected, but all is absorbed. 
So abodyin ordinary light api>ears of any particular color, 
as red, because the light which it reflects makes that im- 
pression upon the eye, while all the other colors are ab- 
sorbed. 

698. Mixed Colors. A modification of Newton's Disc 
shows the effect of mixing diflerent colors. If discs are 
used upon which different colors are painted In sections, 
any color can be produced by varying the color and dimen- 
sions of the sections. The light from each color falls upon 
the eye, and in place of producing its own sensation, the 
sensations of all combine to produce a new color. So the 
artist produces any tint he desires by mising his pigments. 

699. Complemientu-y Colors. Colors which united pro- 
duce white are called Complementary Colors. Such colors 
are separated by about half the length of the spectrum. 
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ThuB red and greeuisli yellow are complementaty: yellow 
and indigo Hue, etc. 

If the eye looks for some time intently upon one of two 
complementary colors, the effect upon the retina of the 
eye is such that upon turning away and looking upon a 
white surface, the other appears. Such cases arec^led ac- 
cidental colors. 

When complementary colors are placed side by side, 
they heighten each other's effects. Hence the most effect- 
ive arrangement of a shop window ia to place cloths in it 
according to the complementary colors. So too, articles 
of clothing should be so selected that the colors contrast. 

700; Lenses. These are transparent media bounded by 
curved surfaces. They change the relative direction of 
the r^B of light, and they may be divided into two classes 
according to their ef^ts upon Hght, Convex and Concave. 

701. Convex Lenses bring parallel rays to a focus, as 

A, B, and C, Fig. 230, and are thick- 

A I V ' er in the middle than at the edges, 

j.B^ M \ Concave Lenses make parallel 

^^r^^ I I rays divergent, and are thicker at 

W. 1^ Jf; the edges than in the middle, as D, 

W W W E, and F, Fig. 230. 

^ T I y 702. Foei of Convfflc Lenses. Only 

"■ ■ B— M jjig double convex need be consid- 

^& ft I ered, as the others produce similar 

D £ p effects, but at greater distances. 

nK.130. Double convex lenses usually have 

sections of spheres for their sur&ces. Hence the centre 

of curvature of a double convex lens is the centre of the 

sphere, and the radii are perpendicular to the surface. 

703. Axes. The line joining the two centres of curva- 
ture is the Principal Axis, and Secondary Axes pass 
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through the centre of the lens itself, called the Optical Centre. 

701. Foeos of Parallel Bays. The focus of parallel rays, 
called the Principal Focus, is found hy drawing perpen- 
dieulara to the surface, and tracing the direction of the rays 
through the glass. 

Ttans the ray L, Fig. 231, meets the lens at B. Draw FB, the 
perpendicular to the point. The ra; ia refracted towards that 




Fig. asi. 
perpendicular, and crosses to D. CD is the perpendicular to that 
point, sud the emergent ray is refracted from the perpendicolar, 
and reaches the focas at F. If the lens is of crown gloss, this point 
coincides with the centre of cnrvatore. 

705. Com'ugate Foci. If the source of light be at a 
point nearer the lens than an infinite distance, so that the 
rays of light diverge, the focus is moved further away. 

Thns if the light 
be placed at h, the 
tooaa win be at 1. 
These points are am- 
jugate foci, for each 
la the focus of a light 
placed at the other. 

^ta^i^ The foci of con- 

vex lenses are real, for if a screen be placed at these points, 
it is brightly illuminated. 

The light from a souroe placed at the principal focus 
becomes parallel rays by the refraction of the lens, 

706. Formatjoil of Images. Two cases demand atten- 
tion : I. When ttte Object is beyond the Principal Foctie- 
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II. When the Object is nearer the Lens than the Principal 
Focus. When it is at the Principal Focus, the rays become 
parallel, and no image is formed. 

707. L Image of an Object beyond tiie Principal Focus. 

The image is determined by finding two points, the extrem- 
ities, as in mirrors. 




Dmw eeoondai7 axes from the points, AX and BT, F\g. 333, 
through O, the optical center of the lens. The ray At- from the 
point A ia refracted, towards the perpendicular, DF, when It enters 
the lens, and npon emerging, from the perpendicular CE, so that 
it reaches the secondary axis at A.'. So any other ray from the 
point A will be refracted to A'. That is all the rays from A will 
then be broagbt to a tocos an«b form the image of the point A. 
In tbe same way, the point B ia found at B'. The image is then 
beyond the principal /ocus F, is inverted, real and diminUhfd.* 
This may be rerersad, that is the object may be placed at A'B'. 
where the image now is. Then the image will boat AB, enlarged. 
This is the principle of Lantern projections. 

708. IL The Object nearer the Lens than tlie Principal 
Focus. The secondary axes, AX and BY, Fig. 234, now 
meet the rays of 
light on the same 
aide of the lens 
the object. 
j The path of the 
rays can now be 
traced as in the 
' preceding case, 

•The principle of tie teleBOope, Bee T19. 





and they will meet the axes at A' and B'. The image is 
now on the same side of the lens as the (Aject, is direct, en- 
larged, but virtual.* 

709. Foci of Concave Lenses. Concave lenses give only 

virtual foci. 

Foeos of Piyallel Rays. The focus is found aa with 
conves lenses, by drawing the perpendiculars and tracing 
the rays. 

ThuB la Fig. 235, tlie incident laj 

SI is first retracted to G and thence 

I in the direction GH. So the ray 

S'E takes the direction HN, so 

I placing the focus at the point where 

these rays traced back meet the 

principal axis, at F, about half way 

between the centre of curvature 0, 

and the lena. This foons is virtual. 

710. Ifthe rays proceed from 
any point, as L, Fig. 236, the 
refracted rays become more di^ 
vergent, so that the focus is at 
I. This point is between the lens 
and the principal focus, and this n^. jm. 
focus is also virtual, while the luminous point and the 
focus are much nearer than before. 

711. Images by Concave Lenses. 
It an object be placed in front 
of a double concave lens, the 
rays will be divergent after re- 
Imction. The required point!) 
are found by drawing the axes, 
AO and BO, Pig. 237. and trac- 
ing rays until they meet these 
axes. Then the point A is 
Fitr. MT. toxmd at a, and B at 6. 

•The principle of tUe microscope, 9eo. TJS. 
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Hence the im^e is diminished, is direct, and is virtual. 

712. Aberration. Spherical mirrors and leuses mast be 
small, not exceediiig IQ' or 12°, else the external rays will 
come to a focus before those near the middle. This pre- 
vents a sharply defined focus, lengthening it in the direc- 
tion of the axis, and is called aberration. There are two 
kinds, Spherical, and Chromatic. 

Thna In Fig. 238, the rajs near 
the middle ot the lens Wf lutTe 
their focus at F ; those near the 
G. 




This crossing of the rays 

a Spherical Aberration, it 

PiB. 338. may be partly overcome by 

covering the lens or mirror bo as to use only the central 

portion, but no device has yet been found by which it can 

be entirely removed. 

713. Caustic Cnrves. When light is 
reflected from the inside of a cylindrical 
I mirror, it produces a double curve of light. 
I with darker spaces between, Fig. 239. 
These are caustic curves, and are well 
shown by placing a polished silver napkin 
ring upon a table in a beam of light. They 

^^ result from Spherical Aberration, because 

the raya whose angle of incidence is the largest reach a 
focus nearest the mirror. 

7U. Chromatic Aberration. A lens is really a prism of 
an infinite number of sides. Hence it decomposes white 
light like a prism, and brings the violet rays to a focus 
neater the lens than the less refrangible rays, like the red. 
This produces a series of colored rings when a screen is 
placed at the focus, and is called Chromatic Aberration. 
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715. The effects of Chromatic Aberration may be over- 
M,^mM ""'^^ ^^ "^^""2 B3L Achromatic Lena, Vig. 240. 
J^ Thia consists of a concave Jena, A, of flint glass, 
mS^ and a convex lens, B, of crown glass. The dis- 
^H pereing power of the flint glass is greater than 
^^ that of the crown glass, so that it neutralizes 
^W the dispersion while the refraction remains, 
in,. MO. and the light which has traversed both is white. 
Such lenses are used in all accurate optical instruments. 
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OPTICAL INSTRUMENTS. 

716. Some of the more important optical instruments, 
which depend upon the principles already considered, are 
here described. They consist of combinations of prisms, 
lenses, and mirrors. 

SBcnoif I. — The Telescope. 

717. Telescopes are of two general kinds, Sefleding and 
Refracting. The latter alone are used for terrestrial ob- 
servations, and most frequently in Observatories. 




Fig. an. 

T18. A Refl«cUiig Telescope consists of a mirror M, Fig. 241, of 
metal or of glasa faced with metal, and an eye piece, O, usually 
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a conrex lens. Such telescopes are made in a variety of fonns. 
The tisiiTe gives the form adopted by Sir William Hershet. The 
mirror U collects the parallel rays and converges them to a toons 
at a point between it and the eye piece. They cross and team an 
inverted bnt diminished Image at ab, nearer the eye piece than its * 
focus. The lens then enlarges this, bo that it ^peora as a virtual 
image at a'l/. 

The lai^est telescope in existence, that of the late Lord 
Rosse, is made after this pattern. So also is the magnifi- 
cent instrument belonging to Mr. A. A. Common, at Eal- 
ing, England. This last, which is probably the moat 
powerful telescope in the world, has a reflector of glass 
coated with silver, thirty seven and a half inches in diam- 
eter, and a focal length of about twenty feet. 

719. A Refractli^r Telescope, Fig. 212, conaiHtB ot a convex lens, 
M, called the object or field glass, used, to collect the rays of light, 




and an eye piece. Both are achromatio in all good instruments. 
The object glass forms an inverted, diminished image between its 
principal focus and the eye piece, but much brighter than the ob- 
ject itself. The eye piece N then magniflea this image and makes 
it appear of the dimentions of a' b'. Heuce the astronomical tele- 
scope inverts all objeots. This is no real disadvantage, aa all ara 
inverted alike. 

Very large and fine instruments have been constructed 
upon this plan. That in the Navd Observatory at Wash- 
ington, with an aperture of twenty-six inches is one of the 
finest. 

720. TheTeresUaITeIe9Cope,Fig.313,hastwoaddltIonallenee8.* 
•SometlmeB three are oaed, two d<diis the work ot one. 



Hie first, F, near the object fi^aas, serves to make the rays of light 
which proceed from each point parallel to each otlier. This makes 
the i«7s which proceed from the upper part of the object cross 




those proceeding trom the lower port at a point H, midway between 
this lens and the next, Q. The second lens brings the rays of 
light from each part to a foons once more at a'6', thus placing this 
image In thesamepositionaa the object. This image is then mag- 
nified by the eye piece R, as In the celestial telescope. 

721. The Opera Oloss, called also GalUeo's telescope. Fig. 2U, 
consiataot ft convex object glass, MK, and a concave eyepiece £F. 
The object glass wonid form an inverted Image at o'b'. Bnt the 




concave leas is placed in the path of the rays Just before they 
reach a foons, and causes them to diverge. The eye then hbch a 
magnified virtnal Imago at a'6'. This is erect. 

All telescope leases are enclosed in a tube blackened 
inside to cut off all light except that from the object under 
observation. 

Section II. — The Micboscmpb. 

738. The Microscope is either Simple or Compound, ac- 
cording to the number of lenses employed. 

13ie Simple Miscroscope, Fig. 245, consists of a single 
convex lens M. The object, AB, is placed nearer the lens 
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than the princi- 
pal focus, F, so 
that the eye sees 
an erect virtaal 
image of the ob- 
jectatA'B'. This 
is much enlarged. 

Its position ia ^_ ^^ 

found by tracing the rays which enteTth^ eye back nnlU they 
meet the axis drawn through the point where they arise. 
Reading glasses are simple microscopes. 

788. ITie Componnd HIcnMcope, Fig. 246. consiste of two lenses, 
an object glass M, of very short focal length, and an eye piece N. 
The object AB is placed between the lens M and its principal focoa. 





Theroya, nfter refraction by the lens, cross beyond it and form an 
iuTerted magnifled image at ab. This is then further magnified 
by the eye piece N, so forming the virtiual image at o'(/. 

The lenses of the microscope should be achromatic. 
Besides, for convenience, both object glass and eye piece ■ 
usually consist of several lenses placed a little distance 
apart. This partially overcomes spherical aberration. 
" The outer edge of the lens is also covert by a diaphragm 
so as to use only the central portion, for the same reason. 
The lenses are placed inside a tube blackened to absorb 
all stray rays of light. The tube is also constructed so 
that one part can move inside the other to vary the dis- 
tance \ietween the two lenses, and the distance of the stage 
upon which the object is placed from the object glass can 
also be varied to make the focus exact. 
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Fig. 247 shows the mstminent mounted and ready for use, 




ng.MT. 
with a concave mirror below to condense the lif;ht upon 
the object placed upon the sti^e. 

Section III. — Thb Cakeba and Lamtbbit. 

734. The Camera, If a small aperture be made in the 
side of a closed apartment, the objects in front form an in- 
verted image upon the opposite wall." 

Tills effect is inoreased by enlarging 

the aperture and inserting a lens, L, Fig. 

218, in tUe aperture, because it collects 

more Toys at liglit. The image ma^ be 

allowed to fall apon the opposite wall, or 

Ift'Mi a screen may be placed at the proper 

focal distance of tbe lens S. The image formed npon the screen 

Is always Inverted. This forms the Camera. 

725. The Draughtsman's Camera adds a mirror placed at 
an angle of 45°. This reflects the light and forms an im- 
^e upon a sheet of paper placed in the bottom of the box. 

726. The photographer uses the Camera, the plate upon 



MAGIO LANTBKN. 211 

which the picture is taken being placed in the focus of the 
lena. The picture is rendered permanent hy coating the 
plate with a salt of silver which is decomposed by the light- 
That which ia not decomposed ia then removed, leaving a 
picture of the objects in front of the instrument. The 
lens is usually made in two parts, as in the microscope. 

!27. The Magic Lantern consists essestdaUr of a powerful con- 
vex lens, Fig. 219, placed in tront of a stiong ligbt, and a lens to 




Fig. MS. 

bring the light to s focus upon the screen. The pictote, wliiota 
must be transparent, is placed in the slit between the lenses, vei; 
near the condenser, which simply concentrates the light npon the 
picture. The rays then cross, when they are received by the pro- 
jecting lens and an Inverted magnified Image ia produced npon 
the screen. 

738. Dissolving Yiews are produced by two lanterns 
which project the images upon the same screen. The light 
of one is gradually removed, and that of the other increased. 
This makes one image fade into another. 

729. Tlie Solar Microscope. Frequently a second or 
microscope lens is attached to the condenser of the lan- 
tern, and a much smaller projecting lens ia then used. 
Using this modification, very small objects can be shown. 
I{ sunlight is reflected through such an instrument, it be- 
comes a Solar Mieroacope. 
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The light vised in a Binidl lautem is a simple kerosene 
lamp. Bat for use in large haUs, tlie Calcium Light, made 
by placing a stick of lime in the flame of burning oxygen 
and hydrogen mixed, ia employed. Sometimes also the 
Electric Light is used.* 

SEcnoBT rv.— Tee Spectbobcope. 

730^ The spectroscope Ib of special interest because it 
has furnished wonderful information respecting the con- 
stitution of the heavenly bodies. Fig. 250shows the prin- 
ciple of the instrument, and Fig. 251 shows it mounted 




and ready for use, but omitting the measuring telescope, 
with its millimetre scale. It depends upon the unequal 
refrangibility of different colored light.t 

The i^ctroscope conslstB of a prism, F, to produce the npec- 
tmin, a telescope, A, throQgh which the apectmin Is Tlened, so 
enlAifted that onlj a enmll part oi It is jn the Beld ol view at once, 
though bytuming AoTonndP, all parts can be examined sncces- 
sirely, and a telescope B to concentrate the light upon the priam. 

*Be« SecUona 90T. 

tSea BoUc Bpeatcum. Sen. 6H. 
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BO renderiuK the Bpeotmm more intense. A third telescope ia 
nsoaUy added, placed so that the prism reflects the light coming 




through this to the telescope A. This carries a small scale divided 
into millimetres, so that the observer can measure the exact 
position of any color of the siwctmm. 

731. Each substance when made the source of light, as 
by dipping a platinum wire into some of it powdered or 
dissolved in water, and placing the wire in the flame of a 
Bunsen burner at G, gives a spectrum of certain lines. Thus 
the metal sodium gives a peculiar yellow line that is al- 
ways refracted to a particular place in the spectrum, called 
the D line. To do this however, the light must be allowed 
to enter the instrument by a narrow vertical slit. 

The Spectroscope has furnished a new means of deter- 
mining the presence of the chemical elements, and one 
which recognizes smaller quantities than any other known 
method. It has thus shown some elements to be very 
widely distributed, and has also revealed the existence of 
several elements previously unknown, as caesium, rubidium, 
thallium, and gallium. 

732. Dark Lines. When light of a single color from 
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one source is allowed to pass through a second source giv- 
ing the same color, but which is at a lower temperature 
than the first, the spectroscope shows a dark line where 
the bright line was previously found. That is, the second 
source of light has absorbed all the light from the first. 
Properly, it is a case of interference, or of absorption 
resembling interference, the waves from one source neu- 
tralizing those from the other.* 

When sunlight is thus allowed to enter the spectroscope, 
the spectrum is found to be crossed by a great number of 
dark lines. The position of many of these has been deter- 
mined, and found to coincide with the. bright lines of 
known elements. That is, many of the substances which 
are familiar upon the earth also exist in the sun. But 
there, they are in the state of incandescent gas. 

In a similar way, by examining the light of the stars, 
the known substances which exist in them are readily deter- 
mined. 

Sbctiok 6.— The Rainbow. 

733« One of the effects of refraction, which closely re- 
sembles the previously mentioned optical instruments, is 
the rainbow. It is seen only when the sun is near the 
horizon, and then appears upon the clouds opposite. It 
results from the difference of ref rangibility of the different 
colors, joined with total reflection, raindrops acting as the 
refracting medium. To see a rainbow, the eye of the ob- 
server, the centre of the curve of which the arch forms a 
part, and the sun must make a straight line. Hence it can 
only be seen when the sun is near the horizon, for at other 
times the bow is too low to be seen. 

734. The Primary Bow appears with the red upper- 
most, and the violet below. 

^See Interference of Waves, Sec. 886. 
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Fig. 253 shows the path tf 
the rays which produce it. 
Coming from the sun, thej 
are all paraUel, and upon 
escaping, only one ray from 
each drop can reach the eye. 
The ray enters the drop at 
the upper part, and is refrac- 
ted towards the perpendicu- 
lar, or downward. It then 
Fig. 7s% traTergee the drop, and Is 

reflected from the opposite side. Upon emerging at the side 
where it entered, it is refracted upward, and reaches the eye. So 
as many drops are required as there are colors, and they must be 
continually falling. 

735. The Secondary Bow is above the primary, shows 

the colors in reverse order, and is less brilliant. 

The light which forms this bow enters the 
lower port of the drop A, Fig. 253, is refracted 
upward to B, is then reflected to D, and thenee 
toF, where it emerges. Hence the light under- 
goes two reflections, and at each, some of the 
light emerges, because it baa not reached the 
mg-iea. critical angle. 

Section VI.— The Eye.* 

736. The Eye consists of a firm outer coating, shown as 
white in Pig. 254, to keep the eye in its proper globular 





form. Inside of this is a dwk coating, the heavy black 
line, which absorbs all light that does not assist in forming 



ks an optloil iiutrament: for tnU dlsaiu- 
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the image. Inside of all is the retina, an expansion of the 
optic nerve, upon which the image is formed, and which 
conveys the impression to the brain. The cornea is a trans- 
parent portion forming the front of the eye, and back of 
that is the iris, a thin curtain with a hole in its central 
portion, which varies its size with the intensity of the light. 
The crystalline lens is a double convex lens placed behind 
the opening. 

An object placed in front of the eye acts as a source of 
light, e. g., the arrow. Fig. 254. The rays then enter the 
pupil through the cornea and the liquid in front of the lens, 
are refracted by the lens and brought to a focus upon the 
retina behind. The image is there diminished and inverted. 

737. Near Sightedness. This defect is caused by too 
great a curvature of the lens of the eye, so that the rays 

of light are brought to a focus 
before reaching the retina, or 
by a lengthening of the body of 
the eye so that the retina is 
thrown behind the focus. The 
5 model of Pig. 255 shows this by 
Fig. 255. slipping the post to the right. 

It is overcome by the use of concave lenses in front of 
the eye. It frequently results from not using due care to 
keep the book perpendicular to the axis of the eye when 
reading. 





Fig. 256. 

Fig. 256, shows a section of an eye in which this defect exists. 
The rays of light from the source a are refracted so as to form a 



THE UNDULATORY THEORY. 217 

focns at h, between the lens and retina, whereas they should focus 
upon the retina at c. 

738. Far Sightedness, illustrated in Fig. 257, is the 
reverse of near sightedness. In this case, from a lack of 
power in the lens, the rays come to a focus behind the 
retina. The remedy for this defect is convex eye glasses. 




Fi^. 257. 

Thns in Fig. 257, the rays from the source a are not sufficiently 
refracted by the cornea and lens, so that they reach a focus at h, 
behind the retina, in place of at c, where the retina is situated. 
The result is an imperfect image. 



CHAPTER IV. 

THE UNDULATORY THEORY. 

739. The Undulatory Theory of light has been already 
presented.* Certain peculiar phenomena furnish the 
proof of its correctness and also show that the undulations 
are transmitted. These are Interference^ Double Befraction^, 
and Polarization. 

Section I. — lKTEEFEREKCE.t 

740. Fresnel's Experiment, demonstrates the principle 
of Interference. 



*See Section Ui, Page 41. 

fFor a discussion of the general phenomena of Interference, see Page 110 
Section 384. 
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Two black glaas mirrors, M and K, 
Fig. 258, are attaolied to eooli other 
a hinge s. One, M, Is flnnlj 
I fixed, while the other, N, can be 
mored ulittle distance forward, and 
la placed ao as to make an angle 
varying but little from parallel with 
Sunlight ia admitted through a 
Pi«- SS8- screen, concentrated bj'a lens L, 

to a foous at P, where the rays croas, and then allowed to reach 
the mirrora. The mirror M reflects the rays ao that thej appear 
to come from the point B, and the mirror N ao that they appear 
to come from A. If now a screen X be placed in front of the 
mirrora, the apace DF is illuminated by reflection from the mirror 
11, and CE byreflectionfromthemirrorN. These spaces overlap, 
and there is a space DB which receives light reflected from both 
mirrora. This space, in place of being entirely illuminated, is 
crossed by a aeries of dark lines. Cover either mirror, and the 
lines disappear. That is, light undnlatlona added to similar 
nndulations produce darkness. 

This experiment is fully explained by interference, and 
can be explained in no other way. That is, the mediiim 
which transmits the light is moved in one direction by 
the undulations from one source of light, and in the oppo- 
site by those from the other. One neutralizes the effects 
of the other. 

641. Color of Thin Films. The beautiful colors whi.ch 
appear when light is reflected from thin films are produced 
by interference. They are most clearly seen by care- 
fully blowing a soap bubble. When the film of water be- 
comes sufBciently thin, a series of colors appears, the red 
appearing first, and others after that in nearly the order 
of the spectrum. When all have appeared, the central 
part is black. 

The reason for the appearance of these colors is that the 
light reflected from one side of the film interferes with 
that reflected from the other. If the thickness of the film 
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is just half the length of a wave of white light, then the 
light from the two sides so interferes as to produce dark- 
ness ; if it is a little more than this, then pale blue appears, 
and so on until the interference produces the color of the 
longest ray, the red. 

Ii2. Newton^s Bings. These colors are called Newton's 
Rings, because Newton devised a method of measuring 

the thickness of the film which produces 
each color. 




The apparatus for measuring is shown 

complete, in Fig. 269, and in section, to- 

Fig. 259. gether with the rings produced, in Pig. 260. 




m) 



It consists of a plate of thick glass, P, upon which a plano-con- 
vex lens, L, of very long focus, 
is pressed. The lens touches the 
plate at one point, which appears 
'p WWMBy black in the rings, and the dis- 
tance of the lens from the plate 
Fig. 260. at any point, that is the thickness 

of tiie film of air at that point, determines the color at that place. 
This is easily calculated. 

743. In this way, the length of the undulation which 
produces each color has been determined, for it is twice 
the thickness of the film which appears of that color. The 
red is produced by the longest waves, and the violet by 
the shortest.* 

744. Waves ate also found on each side of the colored 
spectrum. Those on one side are too long to produce the 
sensation of sight, while those on the other are too short. 
The waves beyond the violet, however, can cause fluores- 
cence, and most readily produce chemical changes. Sul- 
phate of quinia placed here shines. On the other hand, 

♦See Table VIH. 
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a delicate thermometer is most heated beyond the red. 




He. «1 

Fig. 261 shows the comparative intensity of the different 
rays in the different parts of the spectrum. 

745. This last phenomenon suggests the relation be- 
tween heat and light. It shows that they are really one 
force, but that the rays which produce the sensation called 
heat are too long to be seen. 

This phenomenon has often been interpreted as proving 
that a portion only of the rays of the spectrum can be 
properly accounted heat, while others are light, and still 
others, "chemical rays." This interpretation ia not true, 
for while sight by the human eye, and the chemical change 
of the silver salts used in photography seem to favor it, 
other salts are more affected in other portions of the spec- 
trum. Besides, there seems to be no good reason for sup- 
posing that the rays to which our eyes are insensible cannot 
produce sight in other eyes. Color blindness, and the facil- 
ity with which certain animals, notably the cats, can see 
in the night favor this view. 

Section II.— Double Repeaction. 

746. Certain crystals produce a peculiar effect upon a 
ray of transmitted light. The ray which enters as one is 
divided into two distinct rays. One of these, called the 
Ordinary Ray, obeys the laws of refraction: the other, called 
the Extraordinary Bay, is independent of these laws. 
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747. Iceland Spar, or crystallized carbonate of lime, 
■ shows this phenomenon 
I very clearly. Fig, 262. 
1 Hsuchacrystftl beplaced 

upon a piece of marked 
I paper, the mark appears 
I double. One of the marks 
I seems raised. This is ef- 
1 rected by the Ordinary 
FiK. wi ray, 

748. Optieal Axis. Every double refracting crystal has 
one line along which the light moves without dirision. 
This is called the Optical Axis. 

749. Cause of Doable Befiractloii. The explanation of 

Double Befraction is that the light undulations, which are 
retarded to some extent in all directions, are retarded more 
in one direction than in any other. The direction of least 
resistance gives the Ordinary ray : that of greater resistance, 
the Extraordinary. 

SEcrnoN III. — POLABIZA.TIOH. 

760. Closely allied to Double Refraction are the phe- 
nomena of Polarization, since the light which traverses a 
double refracting crystal is polarized. 

Polarized light is light that has been changed in a pecn- 
Guliarmaoner so as to possess properties different from 
ordinary light. . It may he effected by Reflection, or by 
Double Refraction, and instruments for polarizing the light 
are called polariscopes. They are made in several different 
forms, some doing the work by reflection, others by refrac- 
tion, and still others combine both methods. 

751. Polarization by Reflection. Place a plane mirror 
of black glass, Fig. 263, so that a ray of light meets it at 




the angle of 35° 25': the light is 
reflected from it, apparently un- 
changed. But if this reflected ray 
is received by a similar mirror 
placed at the angle of 35° 25' with 
the direction of the ray reflected 
from the first mirror, but so ar- 
ranged that it can be turned around 
"*■ *•*■ that ray, when the second mirror 

is parallel with the first, the light is reflected from the 
second mirror. But whet the second mirror is at right 
angles to the first, no light is reflected from it. That is, 
the mirrors have in some way stopped the light. 

752. The action of both mirrors was, in the above exper- 
iment, equal. Half the light was stopped by the first 
mirror, as would appear from measuring the intensity of 
that reflected, and the remainder by the second. The light 
from which half has been removed is called Polarized Light. 

768. The Mlchol'a PriBm is one of the best means of polarizing 

■ light. It coiiBiHta of a cryatal 
f Iceland Spar carefully cut 

■ open along the plane joining 
I the two oblique edges, AB, Fig. 
I 264. The tvo pieces are then 

lift an. cemented together by a l^er of 

Canada Balsam, and it la mounted in a tube. E is an end view 
of the crystal. 

Tfce layer of balsam totally reflects the Ordinary Ray 
produced by Double Refraction, so sending it to the side 
of the instrument, while the Extraordinary Ray passes di- 
rectly through. The balsam does this because its index of 
refraction is between that of the two rays, the Ordinary 
Ray having a greater index. 

This prism may be used for a polarizer, when half the 
light which enters emerges. But it may also be used for 
an analyser for a ray polarized in any way. 
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754. Reason for Polulzatioii. A ray of light may be 
considered iia made by transverse movements of the mole- 
cules of the medium in all directions, and its cross section 
would then be Fig. 265. This by the principle of Compo- 
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eition of Forces* is the same as in two directions at right 
angles to each other, Fig. 266, Any polarizing instrument 
absorbs those which move in one direction, that is changes 
them to some other kind of motion. The condition of the 
ray is then shown by Fig. 267. The analyzer absorbs those 
moving in the other direction, as it is placed at right angles 
to the polarizerf. 

■See Section 139, pace S7. 

tThe dliectton in -which the waves of poUrteil light move, whether parallsl 
Ki Uie tace of the polarizer, or at right nnglefl to ft awaits deteirulnatlon. 
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Part IV. — ^Electricity. 

755. IntrodaetioiL In one form of molecular motion 
the direction of the movement is not fully determined. 
It may be transversal, which would ally it closely to heat 
and light: or it may be longitudinal, which would ally it 
to sound motion: or it may be a union of both movements* 
This movement is called Electricity. 

756. Kinds of Electricity* Electricity appears in sev- 
eral different forms, having special properties, depending 
principally upon the direction in which the movement ad- 
vaftces, and the manner in which the motion is produced. 
These forms are Magnetism; Frictional Electricity; Cur- 
rent Electricity; and Induced Electricity. 



CHAPTER I. 

MAGNETISM. 



757. Definition. Magnetism is the force which is mani- 
fested by certain kinds of iron ore, and by pieces of steel 
which have been applied to these, in attracting other pieces 
of iron. It is also manifested by the piece itself taking 
a particular direction, when supported so that it can turn 
freely. 

Section I. — Maqkets. 

758. Natural Magnets are pieces of iron ore that show 
the magnetic force. They are rare, and the name Magne- 



tism is derived from tlie fact that they were originally 
found in Magnesia. 

759. Artiflcial Hagnefs are pieces of hEiniened steel 
which have have been magnetised by any of the methods 
described in Section III.* They are usually made much 
more powerful than natural magnets. They are made 
either as straight bars, called Bar Magnets, or in the form 
of the letter U, called Horseshoe M^nets. Artificial mag- 
nets are used for most experiments. 

760. Attraction of Magnets. If a magnet be dipped in 
iron filings, some of the filings are firmly attached. So 
also, if a magnet be brought to a piece of soft iron, the 
iron is attracted. 

761* Polos. A magnet immersed in iron filings attracts 
them principally at the ends, where they are held in large 
quantities. But away from the ends, 
the quantity diminishes, and the mid- 
dle is free from them. Fig. 268. 
"•■ '^^ Hence the force is a jiolar force, or 

ia manifested principally at the ends which are called po2es. 
The middle is called the neutral line. 

768. Hagnetic Carres. If a sheet of stiff paper be laid 
upon a magnet, and iron 
filings be sifted slowly upon 
it, the filings arrange them- 
selves in regular curves run- 
ning away from the ends of 
I magnet. Fig. * 269. The 
Pi«.9w. density of the filings gives 

some idea of the intensity of the magnetic force at each 
point. 
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Names of the Poles. A magnet suspended so as to swing 
freely, comes to rest pointing north and south. The end 
which points towards the north is called the North Pole^ and 
the other the South Pole. Imperfect magnets frequently 
have poles between the ends, separated by neutral lines. 
These are Consequent Poles, 

768* Mutuid Actloii of Poles. If the north pole of a magnet be 

brought towards the north pole 
of another which is suspended, 
Fig. 270, the suspended maf^net 
moves away from the other. 
But if the south pole be pre- 
sented to the north pole, the 
suspended magnet moves to- 
wards the other. 

The same series of exper- 
iments may be repeated at 
the south pole of the sus- 
pended magnet, with corres- 
Pig.270. sponding results. Hence the 

Law. LAke poles repel each other: unlike attract. 

764. Broken Magnets. If a magnet be injured, it loses 
a portion of its magnetism. But the force can not be en- 
tirely removed by this means. Indeed, no method is known 
for entirely demagnetizing any body which has been once 
magnetized, except by heating it red hot. It can be reduced 
to a very small amount by other means, but not entirely 
removed. 

If a thin bar magnet be carefully broken, each part 
becomes at once a magnet. The former poles remain un- 
changed, but a new pole has been developed in each piece. 
This shows that the magnetizm is not confined to the ends 
of the magnet, but extends all through it, being manifested 
mainly at the ends. 




765. Magnetic Induction. If a magnet be brought near 
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a piece of soft iron, the iron speedily becomes a magnet 
and attracts iron filings. The distance at which the iron 
is affected is called the Magnetic Field, The "force is devel- 
oped by the mere presence of the magnet, and while it is 
increased by bringing the magnet and the iron into 
contact, this is not essential. The iron developes 
both poles. This action is called Induction, 



H 



766. Magnetic Chain. If a bar magnet be sus- 
pended, and a piece of soft iron, as a key, Fig: 271, 
be placed in contact with \i\ the latter becomes a 
magnet by induction. A second piece can now be 
added, and a third to that, and so on, until the 
weight of the pieces exceeds the magnet's strength. 
Fig. 271. This is called the Magnetic Chain. 



767. Action of Opposite Poles. If two equal magnets be 
placed with the contrary poles together, the action of one 
neutralizes the action of the other. 



This is weU shown by laying down a 
bar magnet and attaching to it a piece of 
soft iron, Fig. 272. Now slowly move the 
opposite pole of a second bar magnet 
over the first. Just before it reaches the 
end, the iron falls. 




Fig. 272. 



768. Armature. Use increases the strength of a magnet 
up to a certain limit called saturation. So to 
increase its action, or to keep a magnet in con- 
stant use, an Armature or Keeper is provided. A, 
Fig. 273. This is a piece of soft iron placed 
from pole to pole, and it completes the circuit. 

Fig. 273 shows a Magnetic Battery, consisting of a 
series of thin magnets boimd side by side, fitted with 
an armature. Such a battery is much more powerful 
than a single magnet of the same dimensions. 

Fig. 273. An armature is appUed to bar magnets by placing 
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two Bide bj side with 
their poles in opposite di- 
tectioiis,Fig. 374. Pieoes 
of iron axe then placed 
from pole to pole. 

769. TheoiTofMag- 

^■"'- netism. Thedifference 

between a magnetised and an unmagnetised bar is not 

fully understood. The probable eiplanation would Beem 

to be connected with the polarization of the molecules. 

770. Ampere's 13ieory of Magnetism attributes the 
magnetic force to a constant current of electricity passing 
around each molecule of a magnetized bar. These currents 
accumulate at the surface. Hence magnetism is princi- 
pally manifested at the surface. 

77L Polarization Ulnstrated. The molecules of an 

unm^netized bar may be coaceired as 

possessed of polarity, but arranged in 

all directions. Fig. 275. But the bar 

after perfect magnetization consists of 

I the same molecules all arranged in a 

definite order. Fig. 276. The north 

I poleofthevariousmolecules represented 

by the black portions, at first occupied 

Pig. aie. different positions, so that the currents 

neutralized each other. After magnetization, the poles are 

turned in a single direction. 

773. This explanation accounts for the known increase 
in the length of a bar when it is magnetized. So too, when 
a large bar is quickly magnetized, a sharp click is heard. 

773. Upon this view, the difference between iron and 

steel consists in the ease with which the molecules change 
their position. Iron offers little resistance, and a bar of 
iron is almost instantly magnatized. A bar of steel offers 
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considerable resistance to taking the magnetic positions. 
But when it is once polarized, the molecules never regain 
their former positions. 

Section II. — The Magnetic Needle. 

774. When a bar magnet is suspended, it points iu 
a single direction, called the Magnetic Meridian, The 
north end is called the North Pole^ and the other the South 
Pole. The magnet takes this direction because of the 
directive action of the earth, which acts as a powerful mag- 
net with one pole near its own north pole and the other 
near its south pole. 

775. Magnetic Needle. A very light magnet balanced so 
as to move freely around a point is called a Magnetic Nee- 
dle. Such a needle is shown suspended by a fine cord in 
Fig. 270. It usually makes an angle with the meridian of 
any place, that is, with the true north and south line. ^The 
angle is called the Declination of the Place. This is east 
or west, according to the side of the meridian. The Decli- 
nation is at present West for the Eastern portion of the 
United States, and East for the Western portion. 

776. Agonic Lines. A line connecting places where 
there is no declination is called an Agonic Line. Such a 
line passes near Detroit. 

777. Yariation of Declination. The Agonic Line moves 
gradually Westward, so that the needle at any place seems 
to ra ake oscillations to each side of the meridian. The entire 
period required to complete the oscillation is not fully de- 
termined, but it must require several centuries. This 
change is called the Secular Variation. 

778. Annual and Dally Yariations. There is a small 
variation according to the season of the year. Thus at 
London, the Declination is greatest about March 20th, then 
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diminishes for about three months, and increasen again for 
the rest of the year. This change, however, amounts only 
to about 15'. 

779. There is also a similar change of about the same 
amount which occurs each day. The maximum is about 
two p. u., and the minimum about four a. u., though 
there Lt very little change after ten P. H. This change is 
the Diurnal Variation. 

780. Compass. The compass is simply a magnetic needle 
suspended in a graduated box. It is of two kinds, the 
Surveyor's Compass, and the Mariner's. 

781. The SaiTeyor*s Compass consists of a brass case 
accurately divided into degrees, with a needle turning just 
inside the graduated circle. Sights, consisting of pieces 
of brass with very narrow holes in them, are placed across 
the zero line, or the north and south line of .the instru- 
ment. A telescope is frequently placed above the needle, 
when the instrument becomes the Surveyor's Transit. 

783. The Mariner's Compass, Fig. 277, has a card at- 
tached to the needle 
and moving with it. 
This card is divided 
into thirty-two 
points called 
Khombs, and a 
mark is made on 
the box in the di- 
rection of the keel 
of the ship, so that 
the instrument 
points to zero when 
the ship sails due 
north. The compass is suspended upon gimbals, which 
permit of motion in two directions at right angles. This 
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keeps the compass uniformly horizontal.* The needle is 
balanced before magnetization, and a light movable 
weight is attached to overcome the effects of Inclination 
and keep the needle uniformly horizontal. This is essen- 
tial to delicacy. 

783. The Dipping Needle. If a carefully balanced nee- 
dle be magnetised, it 
no longer remains hor- 
izontal, but the north 
pole descends. This 
is called the Inclina- 
tion^ or Dip of the njee- 
dle. A needle care- 
fully balanced and 
free to turn upon a 
horizontal axis, and 
then magnetised, is 
called a Dipping Nee- 
die. Fig. 278. 

784. If a dipping needle be placed at right angles to the 
magnetic meridian, it stands vertical. Placed in the me- 
ridian, by turning it around a vertical axis through exactly 
90°, it stands at an angle called the Inclination of the 
place. At Greenwich, it is about 67°. 

785. Magnetic Poles. The places where the Inclination 
is 90°, or the Dipping needle is vertical, are called Mag- 
netic Poles. The north pole, where the north end is 
downward, was found in 1830 by Sir James Ross. It is 
near Baffin's Bay, in Latitude 70° N., and Longitude 96° 
43' W. The south pole, where the needle stands vertical 
with the south pole downward, has never been found. 

786. Magnetic Equator. Places where there is no dip. 




Fig. 378. 



*Ih the best f oxm, as made by Messrs. Bitchle of Boston, the needle floats 
In Uqnid also. 
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or where the needle is horizontal, are said to be on the 
Magnetic Eqtmtor, A line connecting such places forms 
an irregular curve, varying from a great circle of the earth 
by being in some places north of it, and in others south. 

787. Astatic Needle. A needle which is not acted upon 
by the earth is called Astatic. A needle may be made 
astatic by placing magnets around it until it remains in 
any position in which it may be placed. 

An Astatic System consists of two equal 
magnetic needles firmly attached by copper or 
silver wire, Fig. 279. The north pole of one is 
above the south pole of the other. This ar- * 
rangement is used in delicate galvanometers.* 
When perfect, and suspended by a fiber of un- 
Fig. 279. twisted silk, such a system points east and. west. 

Section III. — Methods of Magnetization. 

788. Sources of Magnetism. Magnetism may be pro- 
duced by the Influence from other Magnets; by Induction 
from the Earth; and by Currents of Electricity. 

Magnets may be applied in either of three ways called 
Single Touchy Separate Totich^ and Double Tottch. 

789. Single ToucIl To magnetize a bar by this method, 
the pole of a magnet is placed upon one end of the bar, 
and slowly moved to the opposite end. It is then removed 
and returned to the starting point. This is repeated 
several times, always in the same direction. Feeble mag- 
nets are provided in this way, but they are fine needles, as 
they are usually free from all consequent poles.t The end 
touched last has opposite polarity to the pole which 
touches it. 



*See Section 893. 
tSee Section 762. 
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790. Separate Toneh, consists in placing the opposite poles of 
equal magnets upon the middle of the bar to be magnetized, and 

moving them slow- 
■^ IL ly apart. They are 

then replaced, and 
the operation re- 
peated. After sev- 
Fig. 280. e r a 1 movements, 

the bar is magnetised. The operation may be performed quicker, 
and stronger magnets may be produced, by placing the bar to be 
magnetised upon the opposite poles of two bar magnets, Fig. 280, 
and inclining the magnets moved at an angle of about 45°. 

791. Double Touch. In this method, the bar to be mag- 
netised is supported as in Fig. 280, and the two poles of a 
horse shoe magnet are placed in the middle. They are 
then i^oved to one end, and back again; then to the other, 
and back; and so on, care being taken to move them the 
same number of times to each end. The magnet is finally 
removed from the middle. Powerful magnets are pro- 
duced by this method. 

792. Induction by fhe Earth. If a bar of iron which is 
not quite pure be placed in the position of the dipping 
needle and struck or twisted, it becomes a feeble magnet, 
and will retain its magnetism for a time. So too such 
tools as remain standing for a long time in nearly this 
position become feebly magnetised. 

In like manner, iron turnings are often found magnet- 
ised. In all these cases, the magnetism results from 
induction, and the north pole is downward, in latitude 
north of the equator. 

Iron ships, being hammered in building, become mag- 
netic. This too is produced by induction, and the direc- 
tion of the ship^s poles depends upon the position of the 
keel upon the stocks. 

793. Magnetization by Electricity. The most powerful 

magnets are very quickly made by charging with an elec- 



234 



ELECTBICITY. 



tro-magnet."^ The bar to be magnetised is simply made 
an armature, and if the power of the electro-magnet is not 
too great, the bar is moved back and forth two or three 
times upon the poles. This quickly magnetises the bar to 
saturation. 



CHAPTER n. 

FRICTIONAL ELECTRICITY. 

, 794* Frictioiial Electricity is so named because the most 
convenient method of developing the force is by using 
friction. It is also called Static Electricity because of its 
great power to overcome resistance. 

Section I. — Fundamental Phenomena. 

795» If a warm dry glass tube be rubbed with silk, it 
attracts light bodies placed near it. This is well shown by 
bringing such a tube near a quantity of bran, when the 
bran moves to the tube, remains in contact for a moment, 
and then moves away. 





Fig. 281. 

In a similar way, if the excited tube be brought near a pith ball 



*See Section 896. 
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suspended by a thread, the ball moves towards the tube, touches 
it, remaiiis in contact a moment, and retires. Fig. 281. 

A beautiful way of showing this attraction is to excite a 

large tube very highly and hold it out towards an empty 

egg shell; the shell will roll after the tube. 

796. Polarity. A suspended pith ball is called an 
electric pendulum. After it has touched the excited glass 
tube, it is repelled. Pig. 281. But excite electricity in a 
Stick of rubber or sealing-wax by rubbing with dry flan- 
nel, and it will attract the excited pith ball. 

Allow the excited pith ball to touch the sealing-wax, 
and it remains in contact a moment, and is then repelled. 
If both the tube and the sealing-wax are held towards it, 
the ball will vibrate back and forth between them. Hence 
there are two kinds of electricity, Positive and Negative, 
marked + and — . 

797. The electricity excited in glass by rubbing with 
silk is made the starting point, and all bodies which repel 
the pith ball which has been electrified by contact with 
the excited glass are said to be + electrified. All those 
which attract the pith ball are said to be — . Which kind 
of electricity will be developed in any particular substance 
by friction from another substance can only be determined 
by experiment. 

798. Both electricities are simultaneously developed, 
and in equal quantities. This can be shown by hanging 
up the silk which is used as a rubber, and then rubbing it 
with the glass tube. It then shows the electricity which 
formerly escaped through the hand. 

799. Conductors and Non-Conductors. Certain sub- 
stances, especially glass and the resins, retain electricity in 
the parts where it is developed. These are called Non-Con- 
doctors. Others offer very little resistance to its passage 
from point to point. The metals are the best illustrations 
of this class of substances. Thus if a bar of iron be held 

L 
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by a glass handle and struck with flannel or cat^s skin, 
electricty is developed. But it is manifested in all parts 
of the bar with equal intensity, while if a glass tube be 
rubbed, the electricity appears only in the part rubbed. 
Bodies which allow electricity to move freely from part to 
part are called Condtictars.* 

800. Insolation. A body which is surrounded by bad 
conductors is insulated. Since dry air is one of the poorest 
conductors known, all that is required to insulate a body 
is to prevent the passage of electricity to the earth. This 
is usually effected by supporting the body upon glass. 
Since glass is quite hygroscopic,! its insulation is improved 
by varnishing it with shellac. 

801. Detection of Electricity. To detect small quantities 
of electricity, electroscopes are used. The electric pen- 
dulum is a simple electroscope.;}; 

802. The Gold-Leaf Electroscope, Fig. 282, is one of the most 
delicate arrangements for discovering the presence of 
electricity. It consists of a glass jar fitted with a metal 
cap. A brass rod terminated by a baU at the top passes 
through this, and two smaU strips of gold-leaf are at- 
tached to its lower end. Two strips of tin-foil commu- 
nicating with the earth are sometimes pasted to the 
inside of the glass, to prevent such a charge as would 
i n jure the gold-leaf. When the charge becomes excessive, 
the leaves touch the tinfoil, and are discharged. 

Fig. 282. To prevent injury to the instrument, the proof 

plane, a small disk of metal attached to a glass handle, is 

used to transfer a minute quantity of electricity from the 

body under examination. 

803. Induction on the Electroscope. Sometimes the 




*For the table of Conductors and Non-Gonductors, or of Electrics and Non- 
Electrics, see Table VIL 
-fThat is, condenses moisture from the air npon its surface freely. 
tSee Sections 796 and 796. 
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electroscope is charged by Induction,* This is done by 
bringing the body to be examined near the ball of the elec- 
troscope: the leaves diverge. The ball is then touched by 
the finger, when the leaves collapse. But removing the 
charged body, they diverge again, with the opposite kind 
of electricity to that contuned in the body. 

a 604. Eleetrometer. Tbe Electrometer is used for 

hv measuring tbe qnantlt; of electrlcltj contained In a 

«. I charged bod;. Fig. 283. It consists of a pith boll 

pf HOBpeaded to the centre of a graduated arc b? a piece 

I ^ of straw. It ia then attached to the body whose 

^^1 charge is to be measured, and the pith ball rises along 

vie. 383- the arc with the inereaslng oha^e until it stands at 
right an^^es to the body. 

SBcnoir II. — Laws of Electeicitt. 

805. The Laws of Electrkity relate to the Intensity of 

its Attraction and Repulsion: to its Distributiofi: and to 

its Density at Particular Places. 
80C. Conlomli's Tersisn Balance la used to determine these laws. 
It consists of B. glass case carrying a 
amall glass tube, d. Fig. 284, whicb 
hasa brass cap a, at the top, graduated 
to degeeeB. A fine silver wire is sus- 
pended by this cap and carries a small 
shellac needle, o, at Its lower end. 
The needle has a small gilt ball, n, at 
one end, and is carefully balanced. 
A scale of degrees is fixed around the 
inside of the glass case, and opposite 
Its zero a small shellac rod,t, Is let in, 
and a gilt ball m of the same size as 
theone upon the needle is fixed to Its 
lower extremity. 

807. Determination of the 
Lairs. The shellac rod is removed 
and its ball charged by contact 
with an electrified body. It is 
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then replaced and it touches the ball upon the shellac needle, 
and because it is of the same area, it gives it one half the 
electricity. Since both are now charged with the same 
kind, they repel each other. This turns the needle away 
from the shellac rod through a certain distance, so twisting 
the wire against its elasticity of torsion.* When it comes 
to rest the number of degrees is read. The cap and silver 
wire are now turned until this number of degrees is reduced 
to one-half its original number. The force of torsion is 
then read from the cap in degrees, and found to be four 
times the amount in the former instance. Hence, at one- 
half the distance, the repulsion becomes four times as great. 
The same method may be applied to two bodies electrified 
with opposite electricities, when they will attract each 
other. Hence I. Electrical Attraction and Repulsion vary 
inversely as the square of the distance. This fixes electricity 
as one of the radiant forces. 

808. To determine the effect of varying the charge of 
electricity, the shellac rod is removed and charged as be- 
fore. The needle then removes one-half of the electricity, 
and is repelled a certain number of degrees. The shellac 
rod is then removed and half of its electricity removed by 
touching another sphere of equal size. Upon replacing 
it, the needle is repelled through one-half the number of 
degrees of the previous instance. Hence II. ElecUncal 
Attraction and Repulsion vary as the product of the quan- 
tities of Electricity, 

809. Position of the Foroe. An insulated 
brass sphere is fitted with two hemispher- 
ical covers, as shown in Fig. 285. The 
sphere is then charged with electricity, 
and the covers applied by means of glass'' 
handles. Removing them and appljruig 
Fig. 286. the gold-leaf Electroscope, they are 

fonnd charged. But apply the Electroscope to the sphere, and no 

*See Section 48, page 13. 
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eteotricity is found in it. Hence the Electricity ia distributed on 
the Surface of a Body, 

810. Experimental Conflrmatioii. A hollow insulated 
sphere is charged. Applying the proof plane to the inside 
through a hole in the top, no electricity can be found. But 
electricity can be taken from the outer surface. 

So, if a gauze cylinder be placed upon an insulated metal 
stand and charged, the proof plane again shows that the 
electricity is upon the outer surface.* 

811. Distribution in an Electrified Body. This depends 
upon its shape. In a sphere, the electricity is distributed 
uniformly. But if the body be elongated, that is becomes 

an ellipsoid, the electricity accumulates 
near the ends. 




This is weU shown by the apparatus of Fig. 
286. An elongated ellipsoidal conductor is 
charged with electricity. Applying the proof 
plane to the central' portion shows but little 
FIff. 286. electricity. At the large end, it is a little more 

dense. But at the smaUer end, it accumulates strongly. 

812. Effect of Points. When the conducting body is 
extremely elongated, the tension of the electricity exceeds 
the resistance of the air, and it is dissipated. Hence if a 
point be placed upon a conductor, the electricity escapes as 
fast as it is generated. 

Because points allow the escape of electricity, a prime 
conductor is always made with oval ends. It is also highly 
polished, and care is taken that it is free from rust and 
dirt of all kinds, as each particle acts as a point and allows 
the escape of electricity. 

813. The effect of a point is well seen in a darkened 
room. The escaping electricity then appears as lines of 

♦This principle holds only for Frictional Electricity, and for that only when 
ladootion is absent. 
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light. This produces a peculiar appearance called the spark. 

The form of the spark differs to some extent, depending 
upon the kind of electricity escaping from the point. 
When + escapes, the form is that of a brush: when — , 
it is more rounded and is called the glow. 

Section III. — Induction. 

814. When an electrified body is brought near an un- 
electrified, but they are separated from each other l^ a 
non-conducting medium, the latter body becomes electri- 
fied. It, however, contains both kinds of electricity, but in 
different portions. This method of exciting electricity is 
called Induction, 

815* Induction ISiOwn. Place an insulated prime con- 
ductor with pith balls attached to the ends near a + elec- 
trified body, as a glass tube, Fig. 
287. The pith balls diverge. If 
a gold-leaf electroscope charged 
with + electricity be brought 
near the end of the conductor 
from the tube, the leaves di- 
"iig.287. verge still more, showing that 

that end contains + electricity. If the electroscope be 
presented to the middle, no electricity is found. But at 
the end nearest the tube, they diverge less, showing that 
— electricity exists at that end. Hence both kinds of elec- 
tricity are developed by Induction, 

816. Free and Confined Electricity. A portion of the 

conductor in which electricity is induced, between the ends, 
is neutral, that is, contains no electricity. If the end of 
the conductor nearest the charged body be connected 
with the earth, no change is shown by the pith balls. But 
if the end away from the charged body be connected with 
the earth, the pith balls at that end instantly fall. The 
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electricity there has disappeared. The neutral line, which 
formerly was at the middle of the insulated conductor, is 
now removed to an iuSnite distance. 

If the charged body be now removed, the induced elec- 
tricity spreads over the entire surface of the conductor. 
The pith balls at both ends diverge, but not as far as 
before. 

817. Induction, in the experiment given above, acted 
between two bodies separated by a layer of air. It acts 
equally well when the bodies are separated by some other 
non-conductor. Faraday proved this by placing a charged 
ball in the middle of a copper pail while a second copper 
pail was outside of the lirst and separated from it by alayer 
of shellac. Induced electricity appeared in both. Indeed, 
each non-conducting substance has a definite power of 
its own for producing induced electricity called its induct- 
ive capacity. 

The essential condition then to produce induction seems 
to be that the two bodies be separated by a non-conducting 
medium. Gould they be separated by a perfect vacuum, it 
seems probable that induction would not occur. 

818. Cause of Indnctlon. The real cause of Induction is the 
polarization of themalecnles of tneinterveningmedimn. That is, 

I the electrified body acts upon the row 
of moleoulea next itself, causing one 
side to become. + and the other — , aa 
shown in Fig. 288, vhere Uie circles 
represent motecoles whose darkened 
I side is +. Tills first htyer then acts 
Hic.iss. upon the next, and so on until the 

other oondnator is reached. The last lajer polarizes the first 
layer in that, in a similar way. But because it is a good conductor, 
its molecules do not retain the electricity. Each molecule dis- 
charges at least one kind, and those near the middle, both. So 
the attracted electricity all maniteats itself near the inducing body, 
while the repelled moves as far away as possible. 
N. P. IS. 
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819. Induction Precedes Discharge. In all cases, the 
molecules of the resisting medium are polarized before a 
discharge takes place through it. This explains why elec- 
tricity follows the path of the least resistance. In this 
path, there is the least number of polarized but undischarged 
molecules. 

820. Tlie Electric Pendulum. Induction also explains 
the electric pendulum. As soon as the excited body is 
brought near the suspended pith ball, the ball becomes 
charged with both kinds of electricity by induction. The 
side of the ball towards the electrified body is attracted, 
and is the nearer half; the other and more distant is re- 
pelled. The attraction exceeds the repulsion, being exert- 
ed through the less distance, so that the ball moves to 
the charged body. 

All cases of electrical attraction and repulsion are simi- 
lar. But when the attracted body is in contact with the 
earth, one kind of the induced electricity passes to that. 

821. The Condenser. The simple 
instrument as made by Epinus, Fig. 
289, consists of two metal plates, 
marked + and — , separated by a 
plate of glass. The metal plates 
are capable of taking a much greater 
Fig. 289. charge than if used alone. 

• 

822. To charge the condenser, the metal plates are 
placed in contact ^i^^ ^he glass, and one of them put in 
connection with a source of electricity, as the prime con- 
ductor of an electrical machine, while the other plate is 
connected with the earth. The plate in contact with the 
conductor receives from that a certain amount of free elec- 
tricity, so that its tension in all parts equals the tension 
of the conductor. This free electricity upon the + plate 
acts upon the other plate, through the glass, by induction. 
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This develops — electricity upon the side next the glass, 
and repels the + to the earth. If both plates carry pith 
balls, the one attached to the + plate will diverge, while 
the other is unaflFected. 

823. Now remove the condenser from the prime con- 
ductor, and break the connection with the earth; the pith 
balls remain unchanged. But if the plates be removed so 
far from each other that induction ceases to act, the elec- 
tricity is free to spread over both surfaces of the plates 
equally. The pith ball attached to the — plate now di- 
verges as much as the other did when in contact with the 
glass, while that on the + plate diverges more than be- 
fore, because formerly the inductive action of the — plate 
concentrated electricity upon the surface of the + plate 
nearest itself, and this now becomes f i^e. 

824. To discharge the condenser instantaneously, touch 
the — plate with a conductor, and then bring the other 
end in contact with the + plate. A spark passes. 

It may be discharged slowly by touching first the + 
plate with a conductor, then the — , and so on alternately. 

825. The Fulminating Fane consists of a plate of 
glass coated on each side with tin-foil to within about two 
inches of the edge. One coating is then brought in con- 
tact with a source of electricity, as a prime conductor, and 
the other connected with the ground. It acts as a con- 
denser. 

826. The Leyden Jar. The most convenient 
form of the condenser for common use is the 
Leyden Jar, Pig. 290. It consists of a wide mouthed 
bottle coated inside and out with tin-foil, about 
two-thirds the way up. A cap of baked wood, 
coated with shellac, is fitted to the top, and a wire 
passes through this to the inside coating, and 
Fig 290. terminates with a ball at the top. 
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837. Charging the Jar. The Jar ia charged by connect- 
ing the inside coating with the prime conductor of a Plate 
Electrical Machine,* while the outer coating is connected 
with the earth. If the Holtz Machinef is used, the outer 
coating should he placed in contact with one pole, and the 
inner with the other. 

828. ALejAenBattaTt ^^- ^^• 
conaiataof Beveiftl jarevbose coat- 
ingsarecDiuiected. This iaacoom- 
pliabed by placing tlie jarsln a box 
Used witb tin -foil, tbos oonaectiDg 
the onter coatings, and wrapping 
a wire around tbe rods to connect 
the inner coatings. 

The Leyden Jar acts entirely 

by the area of the ooatings. Hence connecting several jars 

into a battery only increases the area. 

829. Jar with Movable Coatings. It liaa already 
been stated tbat wbea induction does not aot, tbe 
electrlci^ia entirely upon the surface.} But when 
Induction acts, the result Is different. For, charge 
ijar having movable coatings, Fig. 293. Then by 
using a glaae handle, remove the inner coating from 
(he jar, and the jar from the oater coating. Now 
wrap a sheet of tin-toil around the jar for an onter 
coating, and fill it about two-thirds fuU ol water for 
an inner coating. The jar can now be discharged, 
showing that the charge was in the glass. The 
cause of this la that each kind of electricity holds 
u to itself as possible. This causes each to pese- 
and prevents It from leaving with the coating. 

830. Besidnal Dlseliarge. Moreover, the charge of the 
jar does not remain upon the surface of the glass. After 
a strongly charged jar has been discharged, allow it to re- 
main a short time, and a second spark less intense than the 



the other as ue 

trate the glass, 
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first can be taken from it. That is, the electricity has 
acted upon the molecules in the interior of the glass, and 
during the short time occupied in discharging the jar, they 
cannot discharge themselves. 

Section IV. — ^Peoductiok op Electricity. 

831. The usual way of developing large quantities of ^ 
electricity is by means of Electrical Machines. These act 
upon two principles. Friction, and Induction. 

832. The Electrophorns is the sim- 
plest Electrical Machine. Fig. 293. 
It consists of a metal plate and a cake 
of resin* resting upon it. A cover of 
tin with a glass handle to insulate it 
covers the resin to within an inch of the 
edge. 

The resin is first dried and warmed. 
Fig. 293. and then beaten or rubbed with cat's 

skin. This developes — electricity upon the surface of the 
resin. The cover is then placed upon it. The surface of 
the resin, though made as smooth as possible, is really so 
rough that the tin cover touches only a few points, so that 
the resin acts by induction upon the cover. Its under 
surface then becomes + and its upper — : touching the 
upper surface with the finger allows the — to escape. 
Upon raising the cover, the + spreads over its entire sur- 
face and becomes free, so that it may be used for any pur- 
pose, as charging a jar. 

833. The Electrophorns acts only by induction, and de- 
pends upon the roughness of the surface of the resin. Me- 
chanical labor is expended in separating the cover from 
the resin for each spark, so that mechanical energy is 

*Conyeiiiently made of four parts resin and one shellac. 
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really changed to electricity.- This is the case with all the 
machines. 



834. Frictlonal Machines are usually made as Cylinder 
or Plate. The latter only is in common use at present. 




836. The Plate Machine, Fig. 294, consists of a large glass plate 
fixed npoD wooden supports, and tnmed by a crank. A pair of 
leather rubbers, which have been coTered with an amalgam of 
murcury, tin and zinc, are made to press upon the plate bj a brass 
spring. TheaenibberaareiiBnally insulated by a glass support, and 
are connected with a brass ball, which is the — conductor. A flap of 
oiled silk extends from the lower side of the rubbers, and a silk bag 
encloses all the lower pitrt of the plate. This prevents the escsi>e 
of electricity into the air. A brass iusolated prime conductor 
stands on the opposite side of the plate, and a fork ending in a 
knob extends bom this about one third across the plate, having a 
row of points towards the plate. 

836. The friction of the rubbers upon the plate generates 
+ electricity upon the plate, and — upon the rubbers. 
The row of points, called the comb, takes the + from the 



HOLTZ'S ELECTBICAL UACHIKE. 247 

plate and accumulates it in the prime conductor, and the 
plate at the same time acts inductively upon the comb. 
This transfers — from the prime conductor to the plate. 

837. If it is desired to generate any large amount of 
electricity, the — conductor must be connected with tKe 
ground. This allows the machine to act until the tension 
of the prime conductor equals the resistance of the glass 
plate, when the electricity will leap across from the fork 
to the rubbers.* 




888. Holtz's Eleetrical Hachlne, fig. 29S, is tar more effecUve 
tliau the plate machiDe, and acta by induction so tar aa its action 
is understood. It consists of a narrow plate of stroug glass 
supported upon wooden pillars. This supports a thin glass plate 
by a eliaft, so ttiat it can be rerolved rapidly by means of a 
crank and puUies. Beyond the revolving plate and about halt an 
inch distant from It is a fixed plate also supported by the plate and 
pillars. Two windows are cut in this fixed plate, on opposite sides 
of a diameter, and pieces ol paper, armatures, ate pasted upon 
this plate, away from the revolving plate. A row of points ex- 
tends from this into the windows. The armatures and points are 
so arranged tbat the revolving plate turns towards them. A brass 
conductor, called the cross comb, the ends being covered with 
points, is placed from one armature to the other. The sustaining 

In OBlnit any electrical maoliiiie, it mnat be caretnlly freed tram dost, sod 
warmed to prevent say molBtnie from adherlua: t'> the Borface of the situs. 
The oIt must also be dry. 
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plate also supports rows of points, called collecting combs, op- 
posite the windows, and each of these is connected with a Leyden 
Jar, and the poles where the electricity is collected are also con- 
nected with these jars. One pole can be moved by a wooden han- 
dle to lengthen the spark. 

839. The action of the machine is as follows. The 
armature on the side nearest the crank is excited negatively 
by rubbing with cat's skin, or by touching with a — ebon- 
ite plate, and tike plate revolved. The excited armature 
acts inductively upon the part of the plate opposite itself 
and makes that + on the face towards itself, and — on the 
other side, and the — goes at once to the conductor, while 
the conductor's + goes to the plate. As soon as this ex- 
cited portion of the plate gets opposite the other armature, 
it acts inductively upon that, making it +, and that in 
turn acts upon the + conductor, taking its — to the plate. 
The revolution of the plate renders this action continuous. 

840. There are many things in the action of the mar- 
chine that the above explanation does not account for, as 
for example, the action of the cross comb, but it is all 
that is at present known. The electricity produced is much 
more intense than that from the Plate Machine. It is also 
much greater in quantity. 

Toepler-Holtz Ma4^hlne. This is a modification of the 
Holtz machine. It has a row of metal buttons around the 
fixed plate, fastened by rivets passing through the plate. 
One button is connected to each armature. A brush is at- 
tached to the revolving plate so as to touch the buttons as the 
plate revolves. The machine charges itself. It is well var- 
nished with shellac, and is nearly independent of the con- 
dition of the atmosphere. 

Wimshnrst's Machine. Probably the most powerfiil ar- 
rangement for an induction machme yet devised is Wims- 
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hurst's machine. Its action is due partly to friction of the air 
and partly to induction. The machine consists of two plates 
of glass about one-eighth of an inch apart, mounted to revolve 
in opposite directions around a common axle. They are usu- 
ally turned by a crank and shaft with two pulleys on it, the 




band from one of them being crossed. A series of sectors of 
tinfoil or thin brass, necessarily an even number, is attached 
to the outside of both plates, each sector extending nearly to 
the edge of the plate and about half way to its centre. The 
conductors are arranged as in the Holtz Machine, but the 
collecting combs are in the form of a fork with the plates 
between the prongs. A bent metal rod with a fine wire brush 
at each end is placed at an angle of about 45" to the collect- 
ing combs, one for each plate, at an angle of 90° to each 
other, and the brushes just touch and connect the two oppo- 
«te sectors in succeeaion. The sectors act half of the time as 
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inductors and the remainder as carriers of electricity. Th^ 
machine is self-charging, and, if __all parts are properly vaf^ 
nished with shellac, is nearly independent of the atmosphere. 
Leyden jars can be attached, and they serve to thicken the 
spark, as in other induction machines, but they do not length- 
en it. 

One of these machines with plates eighty-four inches in 
diameter, belonging to the Science and Art Department, 
South Kensington, England, is probably the most powerfiil 
electrostatic machine in existence. On the other hand, a 
machine with plates only five inches in diameter is probably 
the smallest size made, and when twirled with the fingers it 
fairly bristles with electricity. 

When any powerfiil induction machine is working, it not 
only produces an abundance of sparks, but all good conductors 
in its vicinity become charged by induction, and sparks can 
be taken from them. In a dark room they are covered with 
flashes of light, and sometimes all points and masses of metal 
seem to glow from the discharge of electricity through the 
air. 

Ozone. All electrical machines produce ozone when they 
are working properly, but the induction machines produce 
it in much larger quantity than the friction machines. With 
the former it is often so abundant as to prove irritating to 
the throat. 

Sectiok V. — ^Effects op Electricity. 

841. With any good machine, a large number of exper- 
iments can be performed illustrating the principles devel- 
oped in the preceding sections. 

842. Electrical Repnlsion. The electrified head, a dolFs 
head covered with hair, or strips of paper, is a fine illus- 
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tration of electrical repulsion. As soon as it is placed in 
connection with a source of electricity, the hairs diverge. 

843. Insulating StooL This is a 
stool with glass legs,* Fig. 296. If a 
person stands upon such a stool and 
touches a prime conductor, he very 
quickly hecomes charged with elec- 
tricity. His hair shows the repulsion. 
Fig. 296. and a spark can be taken from any 

part of his body. 

844. The EleetHc Chime, Fig. 297, acts 
by induction . A series of beUs are suspended 
from a glass support and connected with the 
prime conductor of an Electrical Machine. 
The glass support also has a beU which is 
connected with the earth. A series of smaU 
clappers are supported by silk thread so 
that they can play back and forth between 
the outside bells and the middle one. When 
the machine is worked, the outside beUs be- 
come + , act upon the clappers by induc- 
BUk7297. tion, and cause them to move to the bells. 

They are then repeUed, and play back and forth between the cen- 
tre and outside beUs. 

845. Electrical Wind. The effect of a point is well shown 
by a point placed upon the prime conductor. Working 
the machine, a wind is felt by the hand moving from the 
point, caused by the discharge of electricity into the air. 
The flame of a candle is turned away from the point. The 
electricity escapes from the point and electrifies the air 
which moves away because of repulsion. A brush appears 
in a dark room. 

846. The Electrical Whirl, Fig. 298, shows the same 
effect. 




♦Four large bottles of equal size with a square board placed upon them an- 
swer all the purposes of an insulating stool. 
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It consists of a series of wires bent 
in the same direction, and the escap- 
ing electricity drives it backward. 
Sometimes points are attached to a 

balanced globe, when the apparatus 

Wg. 298. becomes the Electrical Orrery, Fig, 299. Fig. 399. 

This arrangement well illustrates the motion of two bodies around 
a common centre. 

847. The Mechanical Effects are best shown by means 
of the Leyden Battery of several Jars. 

The Unirersal Discharger, 

Fig. 300, is needed to show 
these effects readily. It con- 
sists of a central stand of 
glass or ivory, and two rods 
attached to insulating pillars 
FiK. 300. hy universal joints, which 

allow the rods to be placed in any desired position. The 
object to be experimented upon rests upon the stand. 

848. If a small mass of gunpowder be placed upon the 
stand of the Universal Discharger, and a spark passed 
through it, the powder is scattered. The spark passes too 
quickly to produce any other effect. 

But if a moistened string be made a part of the circuit, 
the electricity is retarded, heat is produced, and the powder 
is ignited. 

« 

849. If a block of wood is placed between the points of 
the Universal Discharger, a spark from the Leyden Battery 
splits it into fragments. 

850. So too, a spark may be passed through a card placed 
between the points. In this case, the card is pierced, and 
the hole appears forced outward on both sides. This shows 
that the electricity passes both ways. 

These are some of the mechanical effects of small quan- 
tities of electricity. The same thing may be seen on a 
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magnificent scale when lightning strikes. Then trees are 
splintered , and houses torn down, and frequently set on fire. 

851. Heating Effects. One of the heating effects of elec- 
tricity was mentioned in the preceding paragraph. Igniting 
gunpowder, either on the stand of the Universal Dis- 
charger, or in large masses in mines, shows the same effect. 

852. Ether Spoom The 

heating can be finely shown 
Fig. 801. by holding out an Ether 

Spoon, Fig. 301, to a person on an Insulating Stool. It should con- 
tain just ether enough to cover the knob inside. As he attempts 
to put his finger into it, a spark passes and the ether is inflamed. 

853. The Hydrogen Pistol, Fig. 302, shows that the 
heat often produces chemical changes. The pistol 
contains a mixtture of two measures of hydrogen and 
one of oxygen. A chain passes to the inside through 
an insulating tube. When the knob is brought near a 
prime conductor, a spark passes, and a loud explosion 
follows. The heat of the spark inflames the gases. 

854. Luminoiis Effects.* Hold the finger out 
Fig. 802. towards a prime conductor: the glow appears on 

the end of the finger, and the brush on the conductor. 

855. If one end of the Jointed Discharger, Fig. 303, be 
connected with the earth, and the other held out to- 
wards the prime conductor, but kept a short distance 
away, the spark passes as a straight line. Increase the 
distance a little, and it takes a zigzag direction. This is 
caused by the differing density of the air. At a still 
greater distance, it splits up into several branches. 

When a jar is discharged in a dark room, the 
diflference between its spark, and that of the prime 
^^'** conductor becomes very marked. It appears 
shorter, but thicker and brighter. 





*For good exhibitions of the luminoas effects, a dark room la needed. 
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858. The Spiral Tube, Fig. 3(M, s&owa the ordiimtT 
spark with good effect. It conBists of a glass tribe along 
which bits of tin-foil have been pasted. When a spark 
from the prime conductor passes, it appears as aline of 
light, leaping from one piece of tln-foll to the next one 
over the intermption. 

867. Hie Diamond Jar, Fig. 306, Is simply a 
Leydeu Jar whose coatings are cnt in the form 

of diamonds, and it shows the sB^kbeantlfiilly. 
for when the Jar is receiving its charge a poiot J 
of light appears at each space where the tin- f 
toil Is removed, and the same effect is repeated || 
npon discharging the Jar. 

"*** 858. The spark from a JarfumisheatheK 
means of determining the rate at which electric-r 
ity travels. The spark appears to be single, and to ""■ **■ 
pass instantanously. But it does not, for if a Jar be dis- 
charged in front of a Kevolving Mirror,* the spark appem^ 
as a line of tight. If it passed instantanoasly, it would 
appear as a spot. 

So too, by passing the spark from a single jar through 
a wire several miles in length, but interrupted in the mid- 
dle 80 as to allow a spark there and at both ends, the three 
interruptions being placed side by side, 
the three sparks would all be elongated 
by the Revolving Mirror equally. Were 
the passage of the electric- ■ 
ity through the wire instan- I 
**»■ *«• taneous, the lines would be I 

in the same position, Fig. 306. But the im- ' 
age as seen in the mirror has the form of ^ *"■ 
Fig. 807, the middle one being behind the others. That is, 
the electricity starts from both coatings, and requires a 
measurable time to reach the middle. 




THE THUNDEB STOBM. 



255 




859. The Lnminons Pane 

closely resembles the Spiral 
Tube. Fig. 308. It is simply 
a pane of glass with strips of 
tin-foil pasted upon it, and 
cut away at places. Where 
Fig. 308. it is cut away the spark ap- 

pears, since the electricity is interrupted there in its passage. 

860. Magnetic Effects. Finally, if a spark from a Ley- 
den Jar be passed through a sewing needle held vertically, 
the needle becomes a magnet. This accounts for the mag- 
netization of steel tools when a building has been struck 
by lightning. 

Section VI. — The Thunder Storm. 

861. Electricity seems to be present in the air to some 
extent at all times. Free + is more commonly found, but 
— sometimes appears. 

The presence of free electricity can be shown readily by 
means of a long metallic rod terminating in a point at the 
top, and connected with an Electroscope at the bottom. 
Such an instrument so arranged usually diverges. 

The amount of free electricity seems to be greater in 
warm and dry weather than in the winter. It is too, con- 
nected with the little whirlwinds seen so frequently in the 
summer. This is shown by placing an Electroscope in 
such a current, when the leaves always diverge, usually 
with — electricity. 

862. Thunder Storms are local storms which suddenly 
arise on warm summer days, and manifest great accumu- 
lations of electricity. The original development of the 
electricity is not fully understood. Probably the conden- 
sation of the vapor from the air itself is the primary cause. 

868« Condensation results from the meeting of two at- 
mospheric currents, usually at a considerable height above 
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the earth^s surface. One current is warm, and so contains 
a large amount of dissolved vapor. The chilling of this 
air by the other current reduces the temperature below the 
dew point and causes the precipitation of the vapor, when 
a cloud appears. This is probably accompanied by the 
development of electricity, and the friction of the moving 
cloud probably increases its amount. 

864. Lightning. So soon as a cloud becomes charged, it 
must act inductively upon all neighboring clouds. That 
is, two clouds separated by a layer of air become the 
coatings of an enormous condenser. But as soon as they 
are charged they begin to attract each other, and so they 
gradually move together. After a time, they approach so 
near that the electric tension of the clouds exceeds the 
resistance of the intervening air. The clouds then dis- 
charge into each other, and the spark is the flash of light- 
ning. Most lightning is produced in this way. 

865. Again: if a charged cloud is separated from the 
earth by a stratum of air, it will act inductively upon that, 
developing electricity of the opposite kind to its own in 
the part immediately under it. Attraction then acts at 
once and the cloud moves towards the earth until a dis- 
charge passes between the earth and the cloud, when the 
lightning strikes. 

866. The Theory of the 

Thmider Storm is weU shown 
by the apparatus of Fig. 
309. A Leyden Jar is fitted 
with a copper wire bent as 
shown, and with a pointed 
piece soldered on at D so as 
*^* **• to rest npon the knob of the 

Jar. One end of the wire, E, carries a scale pan in which is placed 
a tuft of cotton to represent a cloud. The other end has a short 
piece of glass tubing, C, to serve as an insulating handle, and is 
bent over so as to prevent the escape of the electricity. 
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The Jar is charged and placed on a sheet of tin-foil, AB, 
which represents the earth. The copper wire is then 
placed iipon the Jar, and the free 'electricity of the inside 
at once spreads to the cotton, where its presence is shown 
by the divergence of the fibers. But the sheet of tin-foil 
attracts the scale pan and cotton which descend until a 
spark passes and the Jar is discharged. 

If a pointed copper wire be passed through a cork and 
placed on the tin-foil, the discharge no longer passes as a 
spark, provided the Jar be moderately charged, but the cot- 
ton moves away from the point. If the Jar be highly 
charged, the discharge passes from the scale-pan to the 
point. 

867. The Lightning Bod acts upon a charged cloud as 
the copper wire upon the Jar. It is a metal rod attached 
to the building which is to be protected, and it passes to 
the ground. When a charged cloud approaches it, the 
point silently discharges a portion of the electricity, and 
the cloud moves away. But if a discharge takes place, 
and the lightning strikes, it passes down the rod. 

868. Precautions. The lightning rod must project a 
sufficient distance above the highest point of the building 
to render that the shortest path. It will protect an area 
whose radius is about four times its own height. 

The rod must be continuous, else the lightning is likely 
to leave it at the fracture. 

The rod must have a good ground connection. Theo- 
retically, the area of the portion in contact with the ground 
should equal the roof of the building. Practically, if the 
rod extends to moist earth, and then ends in a sheet of cop- 
per of a few square feet in extent, and is covered with 
charcoal, it is sufficient. 

Lightning rods are usually insulated from the building. 
This seems to be unnecessary, as if the rod meets the above 

N. p. 17. 
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conditions, the lightning will follow it without insulation. 
Besides, before the discharge passes, the building itself, . 
as well as the rod, becomes completely charged with elec- 
tricity the opposite to that in the cloud, and it must dis- 
charge itself: it appears to do this as well along the rod as 
through the earth. 

869. Thunder, The passage of the current is accom- 
panied by a loud rumbling sound. This is probably caused 
by the meeting of the masses of air which have been sep- 
arated by the lightning. Its prolonged sound is due to 
the different distances from the ear at which the air meets, 
so that the sound from different points requires different 
lengths of time to reSiQh the ear. 



CHAPTEE in. 

VOLTAIC ELECTRICITY. 

SBcnoiir I. — The Cukbbkt. 

870. IMscOTery. Galvani, when experimenting with 
frog's legs, discovered that if the muscles were touched by 
a plate of metal, and the nerves with a different metal, 
when the two metal pieces touched each other, the legs 
contracted violently. He accounted for the fact by sup- 
posing that the "vital fluid" had passed. 

871. Volta more fully investigated the phenomenon 
and found the cause of the convulsions in the action of 
electricity. He accounted for the electricity by supposing 
it was produced by the contact of the two metals. But in 
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Fig. 310. 



this he 'erred, the real cause being the 
chemical action of the fluids of the body 
upon one of the metals. 

872. Simple Circuit. The simple yoltaic cir- 
cult is a glass vessel containing dilute sulphurio 
acid.* In this, a plate of copper and another 
of zinc are placed. So long as they remain 
separated, no action takes place. But on con- 
necting them, either directly, or by means of 
a copper wire, as in Fig. 310, bubbles of gas 
arise from the copper plate, and a current of 
electricity passes. If the plates are large, this 
can be detected by placing one wire above the 
tongue and the other below. 





873. Explanation of its Action. Before the plates are 

placed in the liquid, it is probable that the 
molecules of water occupy all positions, as 
shown in Fig. 311, in which the circles 
Fig. 311. represent molecules, of which the light is 
the hydrogen, and the dark the oxygen. After the plates 
of metal are placed in the liquid, polari- 
zation takes place. The zinc which is 
positive attracts the oxygen and repels the 
hydrogen. Fig. 312. As soon as the plates 
are connected, the oxygen of the mole- 
cules in contact with the zinc plate unites with that to 

form zinc oxide, but leaving the hydrogen 
free. Fig. 313. These hydrogen atoms 
then separate the oxygen from the next 
molecule of water, leaving its hydrogen 
free. This process continues until the 
copper plate is reached, when the hydrogen having nothing 
to unite with escapes into the air. So the electricity is 
produced on the surface of the zinc plate, and the — runs 



Fig. 312. 




Fig: 313. 



*I>iliite Btilphiixio add is about ten parts water and one of add mixed. 

M 
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up that plate, while the + moves through the liquid by the 
chemical action upon the molecules, as indicated, and ap- 
pears upon the copper. The copper therefore is called the 
positive pole or electrode, and the zinc, the negative. 

874. Use of the Salphmic Acid, When water alone is 
used, the surface of the zinc becomes almost immediately 
coated with a layer of insoluble zinc oxide. But the sul- 
phuric acid unites with this zinc oxide to make zinc sulphate 
and water, so presenting a fresh surface of zinc for the 
action of the water, as zinc sulphate is soluble in water. 

875. Qnantity and Intensity. The electricity of one 
simple circuit can pass through a second cell precisely 
similar to the first. The action of the second is then added 
to the first, and it doubles the intensity. So any number 
of cells may be connected in this way, and each adds to the 
intensity. But the quantity depends upon the surface 
acted upon. This may be increased by making the cells 
larger, or by connecting the zincs of several cells so as to 
make one large zinc, and the coppers in the same way. 
That is, a battery of separate cells may be connected with 
the copper of one to the zinc of the next and so on, using 
the first zinc as a — pole, and the last copper as a + ; giving 
intensity. Or the zincs may all be connected, and all the 
coppers, giving quantity. 

Section II.— Vaeious Batteries. 

876. Electro-motive Force. The work which a battery 
is capable of doing by transferring the motion of electric- 
ity from one point to another is called its Electro-motive 
Force. In the simple circuit, it is very weak. Besides, it 
constantly grows weaker. This arises from two causes : the 
amount of acid in the solution grows less, and the zinc salt 
increases. But besides this, and reducing the current still 
more rapidly, is the adhesion of molecules of hydrogen to 
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the copper plate, c^led Polarization of the Plate. Various 
batteries Lave been derised to increase the electro-motive 
force. 

877. Ijftesi Cnrreats. Conunon zinc contains many im- 
purities, principally metala. These act as — platte, so 
diminishing the eleetro-motive force, and at the same time 
using the zinc with unnecessary rapidity. But if the zinc 
be amalgamated, that is coated with mercury, the mercury 
dissolves a small amount of the zinc and presents a surface 

of pure zinc to the action of the liquid. 

This removes all local currents, and the 
c of every battery should be thus amal- 

miigated, 

al'' 878. Smetf 8 Battery, Fig. 314, oonalflta of two ' 
■ plates ot Eino and a plate ol silver placed be- 
l>' tween them. The eilver is coated with finely 
1-<l divided platinum, which is black. This has 

very little adhasion (or Iiydrogen and prevents 
polarization of the plate. The three plates are 
HHoally lastened to a strip ol wood, and elec- 
Fig. 31*. tricity is excited by dilute sulphuric acid. The 

current is weakened by the loss ol acid. 

879. DanleD's Battery, Fig. 31S, has the merit I 
of removing the polarization of the plate, and n 
also replacing the pilphnrlc acid. This renders j 
the current constant, and especially adapts the | 
battery for use in plating, and as a local tele- 
graph battery. It consists ot a copper vessel 
containing a saturated solution of copper sul- 
phate. The vessel acts as the + pole of the I 
battery. Crystals of the salt are placed upon [ 
n shew to dissolve as fast as the copper sulphate | 
is removed, and so keep the solntion saturated. 
Inside of the copper, is avesselofporousearth- 
enware which contains dilute sulphuric acid, 
and the zino plate is placed in this for the ^pole. 

The hydrogen produced by the action of the battery de- 
composes the copper sulphate. This makes sulphuric acid 





Fie. SIS- 
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which passes iatotlie porous cup, while copper is deposited 
upon the surface of the copper vessel. This action renders 
the current constant. 

880. Oravitf Batter;. ThisisamodiSeationof Daniell's, 
in which the liquids are kept separate by a difference in spe- 
cific gravity. The plate of copper is placed in the bottom 
of a gluKs jar, and an insulated wire passes from it to the 
outside of the jar. Crystals of copper sulphate are placed - 
upon it, and the vessel filled about half full of dissolved 
copper sulphate. It is then filled up with very dilute sul- 
phuric acid, and a plate of zinc suspended in that, while an 

insulated wire from the plate becomes 

the — pole. 

881. The Bieliroiii&te of Potash 
Battcryj Fig. 316, is the most conven- 
ient battery for common use. It con- 
sists of a strip of zinc between two 
strips of cu'bon. The zinc is usually 
attached toarod, so that it can be raised 
above the liquid when not in use. The 
exciting liquid is a saturated solution 
of bichromate of potash to which about 
one-fifth of its volume of sulphuric 
acid has been added. ■ 
Grove's Batter;, ehown aa a single ocO in Fig. 317, and as 




connected Into e. battery of 




Incieaee the intensity of 



BONSEN-S CELL. 




the current in Fig. 318, possesses the highest electro- motive force. 
It consists of a vessel containing the zinc for a — pole, nsuall; 
made as a hollow cylinder, excited by dilute sulphurio acid. In- 
side of the zinc Is a porous cup containing strong nitrio add, and 
in this ia placed a strip ol platinum for the -t- pole. 

88S. Bausen's Cell, Fig. S19, diifers from 
Grove's cell only in replacing the strip of plat- 
innm by a cylinder of gas carbon." The cell 
is commonly made considerably larger than 
QioTc's, and the zinc is made by rolling out a 
thick plate until it is about one-foorth of an 
inch in thickness. A strip of copper is then 
riveted and solderedto the zinc toaerveasa 
conductor. This cell requires rather niore"at- 
tention than Grove's, as salts are liable to form 
in the carbon which prevent the full strength 
of the current. The eioiting liquid is dilute 
sulphurio acid, as in the eells previously de. 
scribed. Fjg, j^v), 

--sua. 884. Current produced by 

^^■^^^HMljkJ^ Heat If two metals which ex- 

^^^p^^E^^^^J |l pand at different rates, as anti- 

T^ ^^^^^^^^^Jwaioay and bismuth, be soldered 

I ^^ togetherandheatedatthejuuc- 

1 tion, Fig. 320, wires passing 

-JH^ from them to a galvanometert 

^^^^^ show a current by deflecting 

Kb- »»• the needle. If the junction be 

cooled, the needle is deflected in the opposite direction. All 

metals will act in this way, but antimony and bismuth are 

most effective. A good battery has been devised by Mr. 

■ Farmer which acts upon this principle. Bars of copper and 

zinc are soldered together alternately and packed in plaster 

of Paris. Onesideof theplasterisheated; the other cooled. 

886. The niermo-Electric Pile, shown complete at P, Fig. 

The bard aoibon formed on tho Inside ot Iron gta retorts. 
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321, and in section at the 
right, acts by the production 
: of electricity through heat. 
^ The instrument consists of 
f a large number of bars of 
f antimony and bismuth sol- 
dered together in alternate 
order. When a source of 
heat ia applied to one end, 
and the other remains cool, a current passes. Used with 
the Astatic Galvanometer, this becomes a very delicate ther- 
mometer. 




SBcnoN III. — Effects of ths Cubeknt. 



88& The effects of the current depend upon its great 
quantity. They may be conveniently divided into Mag- 
netic, Heating, Luminous, and Chemical. 

S87. The Xagnetic EfN;t8 are the deflection of the 
needle, and the making of magnets. 

I 888. Oersted's GalTanometer, 

' Fig. 322, is used to determine the 
laws of deflection. It is a magnetic 
needle suspended ia a brass frame. 




889. I. Place the instrument in the 

magnetic meridian, and connect the 
+ pole of a battery with the south 
end, and the — with the north end, 

80 that the current shall pass above the needle. The north 

pole of the needle now turns to the west. 

II. Pass the current in the same direction, but by con- 
necting the — with the other binding screw, send the cur- 
rent from south to north under the needle. The north 
pole of the needle moves east. 
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lU. Pass the current from nortli to south above the 
needle, and the north pole of the needle again moves east. 

IV. Pass the current from north to south below the 
needle, and the north pole again moves west. 

890. The direction of the deflection can always be deter- 
mined by remembering that if the human body be made 
a part of the circuit, with the current moving from the 
feet towards the head, and then the person face the needle, 
(he north pole always moves towards the left. 

891. Oalvaiioilieters are instruments for detecting the 
presence and measuring the intensity of electric currents. 
They depend upon the deflection of the needle. 

893. The Kne Galvanometer is a wooden ring around 
which a number of turaj of insulated copper wire are 
wound. This is then placed vertically in the plane of the 
magnetic meridian. A large needle is placed in its centre, 
which can turn over a graduated card. When a current 
passes, the needle is deflected, and two currents vary as the 
sines of the angles of deflection. 

898. Tin Astathi ealvanometer. Fig. 
323,iatbemo8tdellcate. It consists of an 
Astatic Needle* suspended in a glass case 
by a tbreod ol silk. A large number of 
tornsot insulated copper wire la wrapped 
around the lower needle and acta to de- 
flect it, BO that a curreut Is multiplied 
manjtimeB. Tliia instrument will detect 
the presence of currents whoso electro- 
motive tores is exceedingly veBlc. 

891. HagnettzatiOD. When a current is passed through 
a coil of insulated copper wire, it magnetizes any piece of 
soft iron placed within the coil. Thus when a current is 

*S«e Seotlon T8T. 
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passed through the Helix mounted on a 
stand. Fig. 321, the bar of iron shows its 
magnetism by sustaining pieces of iron. 
If the opposite ends of the coil are wrapped 
in the opposite direction, one of the poles 
JW. »*■ ia in the middle of the iron, and the ei«Is 

become similar poles. 

896. The Helix and Semldrcnlar filngrs, Fig. 335, 
act in the same way. When a. cmrent passes 
throngh the small ooll ol copper wire, the soft iroa 
FiDgs are magnetized, and can be separated witli 
difSculty. When not magnetized, they fall apart 
bythelr own weight. 

896. The Eieetro-Magnet, Fig. 326, is made of a Fig. aas. 

piece of soft iron in the shape of a 
letter U, with a coil of insulated 
copper wire wound around the 
ends. ThewtremuBt bewoundin 
the same direction, else one of the 
poleswill be in the middle. When 
the coll is wound from left to right. 
the north pole will be the end 
where the current enters, while the 
other end ia the south pole. 

The iron is instantly mag- 
netized when the current is 
made, and it will sustain agreat 
weight. But when the current 
is interrupted, it at once loses 
Kig. 'XA. its magnetkm. 

Electro-raMjiiets have been applied to numerous uses, 
such as separating iron from brass, lifting weights, and 
lately in separating bits of iron from wheat before it enters 
the mills for grinding. But by far the most important ap- 
plication is the Telegraph. 
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bj screws that its motion 
. is Htopped before the ar- 
mature readies tlie mag- 
net, else the residtial mag- 
netism ot the Iron would 
prevent rapid working. 
The lever carries a st^rle, 
_ which moves and marks 

Hg. SIT. a strip of paper, which is 

drawn by clock work. The message is recorded In a series of dots 
and dashes. 

898. The Circuit. The conducting wire from one pole 
of the battery runs to the ground and ends in a large cop- 
per plate. The other conducting wire of the battery runs 
to the operating key and there enters the post or anvil by 
the wire. When the key is brought down by pressing the 
knob, the circuit is closed: when the pressure is removed, 
the key rises and interrupts the circuit. The current leaves 
the key from the middle by the wire and goes through that 
to the receiving instrument, which may be many miles 
distant. It reaches the receiving instrument by the line 
wire, passes through the electro-magnet, and then escapes 
through the other wire to the ground, where the wire ter- 
minates in a copper plate. It returns through the ground 
to the battery. 

899. TheBelay. It thecircnitismorethanthlrtymiles.theln- 
tenslt; ot the current becomes too weak to work the receiving 
Inatroment. This arises beoanse of the resistance ot the conduct- 
ing wire, and because no way ot perfect insulation has yet been 
devised. Hence some of the electricity escapes to the ground at 
each post. To obviate this difficulty, the Eelay, Fig. 328, is used. 
It consists ot an electro-magnet, E, whose armature. A, ishungsoas 
to move very easily. This magnet ia connected with the line wire, 
while the receiving instrument is only connected with a small 
battery in the room where the message ia received, called a local 
battery. The current from this enters the post, C, and passes 
thence through the post and screw N, and down the rod p, which 
is the lever ot the armature A, and rod o, to the binding screw Z, 
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and tlienoe to the receiving instrometit, tbrongb that, and back 



Fig. SIS. 

to the hattety. So this current la broken except during the time 
when a current ia passing tbcongh the magnet E. All the work 
required of the main current is to move the leverp through a very 
small distance, so olosing the circuit of the local battery, and a 
spring, r, returns it to its original position. 

Most operators at preaent read entirely by sound. This 
does away with all occasion for local batteries and receiving 
instruments. 

900. A helix of wire through which a current is passing 
is itself a magnet. It will 
hold up pieces of iron, mag- 
netize steel, or if suspended 
so as to turn freely, will 
point north and south. So 
two helices will attract and 

repel each other, like mag- 

FiB- 3». nets, as is shown by Pig. 339. 

The EarUl's Kagnettsm. This last phenomenon, in con- 
nection with the production of currents by heat, affords an 
explanation of the earth's magnetic properties. It is proli- 
able that the sun, as it apparently mores west in its dkiiy 
course, heats the part of the earth directly under itself. 
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This produces a current of electricity to the west, which 
being beneath the needle deflects the north pole to the left, 
or North. 

Heating Effects. 

901. The heat produced by the battery is due to the re- 
sistance which the current meets on its passage. This is 
in two places, the battery, and the wire where the work is . 
done. The former is essential, for it cannot be removed. 
But all that is required to overcome the resistance in that 
part of the circuit is so much taken from the power to do 
work at another point. Hence by increasing the surface 
of the plates, that is the quantity, the heating effects can 
be increased. 

The heat of the current can be well shown by passing 
the current through a fine iron wire. The wire will be 
heated red hot, or melted. This is due to its own resistance 
to the passage of the current. 

The force of the battery appears only as* heat when it 
no longer moves as electricity. Hence the heat is in in- 
verse ratio to the conductivity of the wire. So only such 
metals as offer considerable resistance can be much heated 

■ 

by the current. 

902. Firing Powder. The heat of the current has been 
successfully applied to igniting powder. The powder cup, 
a shallow vessel containing two copper conducting wires 
whose ends are connected by a short piece of fine platinum 
wire, is used to show this. The platinum wire is covered 
with powder, which is ignited as soon as the current passes. 

In this way, mines are fired. A fuse is used which has a 
short piece of platinum wire imbedded in powder, connect- 
ing conducting wires. When the current passes, the heat 
in the platinum wire fires the powder. 

903. The same method has been applied to lighting the 
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gas in large buildings. Conducting wires pass to the sev- 
eral burners, and there they are connected by platinum 
wires which cross the openings of the burners. The es- 
caping gas is lighted by the heated ¥rire. 

ElectliCAl Stoyes. One of the latest applications of the 
heating effect of the current is to warming rooms. Various 
devices have been invented for this, all involving the heat- 
ing of a conductor by the passage of a current. The con- 
ductor heats the air in contact with it, and so gives rise 
to convection currents. Heat is also radiated from the 
conductor to surrounding objects. A peculiar feature of 
one of the latest of these stoves is that it consists of plates 
of refractory clay and graphij;e with apertures in which the 
conducting wires are placed in the form of bobbins. The 
air circulates freely through these, and is heated. When 
radiation is desired, the sides are made of mica, and then 
the heated coils of wire can be seen plainly, and are in- 
candescent. 

The Electric Light. 

904. When the resistance offered by a conductor to the 
passage of the current is sufficient, the temperature is raised 
to the point of incandescence, and the conductor becomes 
a source of light. 

906. If the conductor consists of two parts slightly 
separated, the force of the current is sufficient to move 
minute particles across the vacant space. But the resis- 
tance is then sufficient to make all the moving particles 
incandescent. A discharge of this kind is called disruptive, 
and the heat produced is very intense. All forms of the 
electric light are produced in one of these ways. 

906. The disruptive discharge can be readily shown by 
connecting two or three common Bunsen cells for intensity. 
Then connect an insulated conducting wire to the — pole 
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Fig. 330. 



of the last cell, and bring 
it down upon the carbon 
of the first cell. The light 
will at once appear, while 
the wire will be rapidly 
heated. 

907. The Arc To pro- 
duce the Voltaic Arc, two 
pieces of boxwood char- 
coal are used. These are 
placed in a frame, as 
shown in Fig. 330, and 
the upper one is connect- 
ed with the + pole of a 
battery of forty or fifty cells connected for intensity, and 
the lower one with the — pole. After bringing them into 
contact, and then separating them for a short distance, par- 
ticles of incandescent carbon pass between them. This 
produces a very intense white light. 

When the arc is made in the open air, the points are 
slowly consumed. This is entirely overcome by placing the 
points in a vacuum. 

The + point diminishes the more rapidly. This is caused 
by the transference of particles from that carbon to the 
— . So the carbons must be constantly moved towards 
each other, the + moving the greater distance. 

908. The electric light made in this way is the most in- 
tense artificial light known. Hence it is often used, in 
connection with a clock-work regulator, for light-houses. 

The arc electric light has been extensively introduced for 
lighting the streets of cities, and for illuminating large halls 
and workshops, where its great intensity and small area are 
not objectionable. For this purpose, automatic regulators are 
used to keep the carbons a uniform distance apart. These 



ELECTRICITY. 



depend upon the principle that an increase of distance weak- 
ens the current by increasing the resistance. An electro- 
magnet is made a part of the circuit As the increased dis- 
tance between the carlrans dimiaishes the current, the magnet 
becomes weaker, and a spring which acte in opposition to the 
armature pushes the carbons nearer together. The Brush 
system uses carbons galvanized with copper. 

909. The Jablonkoff Candle, Fig. 331, 

contiiiiis two small carbon i»eucils placed side 
by side, about a fourth of an inch apart, the 
space between being filled with clay. To 
produce the current, a small piece of plati- 
num wire is placed between the carbons, 
whichisatonceraporized. As the points wear 
away, the clay melts and vaporizes, so that 
-♦ the ends remain at the same distance irom 
Fi«. 331. each other. Practically, this light is operated 
by the current from a M^neto Machine, which reverses 
the direction of the current, and bums both carbons equally. 

910. The Edison Light depends upon 

incandescence Fig 332 A piece of card- 
board IS cut out m the shape of a horse- 
shoe and baked until it becomes pure car- 
bon It IS then placed in a glass globe, 
attached to platinum conducting wires 
melted into the glass, and the globe ex- 
hausted as completely as possible and 
sealed The current renders the carbon 
mcandescent, and so long as the globe is 
free from air, there is no loss of carbon. 
The Edison light is much less intense 
than either of the other forms, and its 
urea is also much greater. Hence it is 
better for commoo use. Its greatest fault 
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is the different rates of expansion of the platinum con- 
ducting wires and the glass, which must ultimately allow 
air to enter the globe. 

There are several other forms of the incandescent light, but 
the principle is the same in all. 

The incandescent light has been extensively introduced for 
lighting stores. It seems admirably adapted for this use, and 
it must rapidly do away with gas and kerosene, because it 
gives a white light. Colored goods appear the same when 
illuminated by it as in sunlight. 

Neither form of the electric light is well adapted to gen- 
eral illumination, because, while the light produced is very 
intense, the arc of incandescent matter is very small, and 
quantity of light is lacking. The incandescent is much 
better than the arc in this respect, but much yet remains 
to be done to adapt it to general use. 

Chemical Effects. 

911. When a current of two or three Bunsen cells is 
passed through water which contains sul- 
phuric acid, hydrogen appears at the — pole, 
and oxygen at the + , Fig. 333. Collecting the 
gases, the volume of the hydrogen is double 
that of the oxygen. This shows that the 
current has separated the water into its ele- 
ments. 

912. Since water has never been decom- 
Fi». 333. posed when free from acid, though very pow- 
erful batteries have been employed, it seems probable that 
the current really acts upon the molecule of sulphuric acid. 
The — pole removes the hydrogen atoms from it, and the 
+ pole one of the oxygen atoms, leaving sulphuric an- 
hydride. This, however, at once unites with another mol- 

N. p. 18. 
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ecule of water, and becomes sulphuric acid again. So tiio-. 
decompoBition of the water is accomplished indirectly, but 
not directly. 

913> Soo too, moat salts can be decomposed by the cur- 
rent. In case the salt contains two elements, one goes to 
the + pole, and the other to the — . When the salt con- 
tains several elements, one element goes to one pole, and a. 
group forming a molecule to the other. 

dl4. Electro-platliigr is one of the moat important applications 
of the cbemical work ol tlie ciurest. To obtain a deposit of copper 
upon any object, it is Srst carefullj cleaned. It is then suspended 
In a saturated solution of copper sulphate, and connected with the 
— pole of a battery of a single cell, B, Fig. 334. A plate of copper 




of about the same area as the object to be plated is connected with 
the + pole. The current acts upon the first molecule of the cop- 
per sulphate, moving the sulphuric acid to the copper plate and 
causingcbemicaluuion. This makes copper sulphate. Thecopper 
set ftee from the flrst woleculo uuitea -n-jth the sulphuric acid of 
the second molecule, and so on until the object fs reached, where 
the copper is left adhering to its surface. 

915. Electrotypii^. Medals may be copied, ot a page of 
type prepared by this process. A cast of the medal or 
type is made of plaster of Paris or wax. This is a reverse 
of the type desired. This east is then covered with graph- 
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ite to render it a good conductor, and suspended in the bath 
as before. 

Any substance desired can be deposited in this way. Sil- 
ver is best deposited from the cyanide, and nickel from the 
chloride. Some one salt of each metal gives bett«r results 
than any other. 
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INDUCED ELECTRICITY. 

Section I. — Pkoduction op Induced CnBBENTS, 

916. When a current of electricity from a battery passes 
through a coil of wire, it induces a temporary current in 
any neighboring wire. So also when thecurrent is broken, 
a similar temporary current is produced. 

917. Indnction Shown. 

Acentral bobbin, Fig.335, 
has a coarse insulated cop- 
per wire wound upon it. 
This is called the Prinia- 
ly Coil. Outside of this, 
a second coil of fine in- 
sulated wire, several times 
the length of the first, 
is wound, called the Sec- 
ondary. The ends of this 
Pie- 335. Secondary are connected 

with a Galvanometer, by means of the binding screws, 

shown at the side. 
I. Connect the ends of the Primary wiih the poles of a 

battery, and the needle of the Galvanometer is deflected. 
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This deflection is in the direction to show a current in the 
opposite direction to that in the Primary. This induced 
current does not continue, for the needle soon returns to 
zero. 

II. Break the connection with the battery^ and the Gal- 
vanometer needle Ls deflected, but in the opposite direction 
to the previous deflection. This shows thai the second 
current passes in the same direction as the primary current. 

918. Indnction by Change of Distance. Induced cur- 
rents may also be produced without interrupting the pri- 
mary current simply by changing the distance between the 
coils. This may be readily shown by having the coils wound 
separately, Fig. 336, so that the Primary can pass inside of 
the Secondary. When the Primary is pushed into the 
Secondary, the needle is deflected in one direction; when it 
is removed, the deflection is in the opposite direction. 

919. Induction by Magnets. If a coil of wire be wound 
around a small bar of soft iron and then connected with a 
Galvanometer, the needle is deflected when the poles of a 
horseshoe magnet are brought near the iron bar. The 
needle is also deflected, but in the opposite direction, when 
the magnet is removed. 

In the same way, if a bar magnet be thrust into a hollow 
coil, the needle is deflected, and is deflected in the opposite 
direction upon its removal. This is readily shown by the 
apparatus of Fig. 335, by removing the outer coil, and using 
a bar magnet with that, while the conducting wires are still 
connected with the Galvanometer. The deflection is in 
one direction, if the north pole be forward: but in the op- 
posite direction, if the south pole l)e forward. 

These simple experiments show how induced currents 
are produced. Their effects show that they are similar to 
the currents produced by the battery. They are, however, 
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much more intense, and in this respect resemble Frictional 
Electricity. 



930. Two methods of producing induced currents are of 
special interest, the Induction Coil, which is excited by a 
battery; and the Magneto Machine, in which the induced 
current is excited by the magnet, and this is becoming the 
method o£ the greatest practical importance, since it is 
used to produce the Electric Light. 



921. TbelndnetionCall, 

Fig. 33e, coBsisfai ot a coll 

of coarse copper wire, the 
separate layers of which 
are carefiillj insulated, to 
act aa a Frimary. Inside 
of this, is a bundle of soft 
iron wires, which by their 
inductive action, greatly 
increase the strength of 
the current. Thesecond- 
ary coil, C, often contains 
several mUes of wire, and 
ends in two poles sup- 
p ported upon glass pillars. 



"« »^ 922. To make and 

break the current with the greatest ease, the primary cur- 
rent passes through an anvil which is struck by a hammer 
moved by the ratchet wheel b Every time a cog is reached, 
the current is interrupted, and the number of the sparks 
is determined by the rotation of the ratchet. 

928. Whenacurrentisinterrupted,awaveof electricity 
in the contrary direction to the original current enters the 
wire. This largely detracts from the effect of the induced 
current. In the Induction Coil, the injurious effect is 
avoided by allowing this extra current to enter a Condenser 
made of tin-foil between layers of silk. When the primary 
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current is again made, the Condenser is discharged through 
the primary. 

824. The Magneto Machine consists ol a Magnetic Batter;,* or 
apair of batteries placed in opposite directiosa, N and S, Fig. 337. 
and an nrmntiire. The Bimature ia made of a bundle of soft Iron 
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wire, with a large amount of fine Insulated copper wire wound 
arotind it to nmkea coil. The armnture can be revolved by a pulley, 
and the magnets produce a cmrent of electricity in the wire. The 
direction of the current is changed by passing through a brass 
cylinder cut along each side, and a spring. The spring can touch 
only one portion of the cylinder at a time and hence must change 
the current twice at each revolution. The arrangement Is called 
a CommMtator. 

936. Dynamo K&chlnos. Large machines constructed 
upon the principle of the Magneto Machine are called. 
Dynamos. They are usually arranged so that the wirQ 
which winds the armature runs from magnet to magnet, or 
lengthwise of the armature, and the magnets are electro 
magnets in place of permanent. They are made of ordinary 
iron, and, when once charged, they always retain enough 
magnetism to start the machine. The intensity of the cur:- 
rent depends upon the comparative size of the wires in the 
armature. A long fine wire gives intensity; a short thick 
wire, quantity. 
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Fig. SW^-BruBb DTDamc 



The Brush Dynamo ia a good illuetration of all. See Fig. 
338. Thia conaiste of two pairs of electro-magneta with their 
poles placed opposite. The armature is an iron ring wound 
with eight bunches of insulated copper wire, mounted upon a 
shaft which passes through the machine and is driven by a belt 
and pulley at one end. Two commutators are placed at the 
other end. One commutator is connected with four of the 
bunches of wire and the other with the remaining four, ar- 
ranged alternately. The current from one commutator passes 
through the electro-magnets and keeps them in action. The 
current from the other is used to do electrical work. 

In principle, the Edison Dynamo differs but little from the 
Brush. See Fig. 339. It has one electro-magnet of large 
size placed vertically. The armature revolves between its 
poles, and the current is made continuous by a commutator. 
A part of the current passes through the magnet : the re- 
mainder is used. 

Electrical Transformers. In principle, the Induction 
Coil and the different forms of Dynamo Matjiinee are elec- 
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trical transformers. Thej operate by exchanging one ibnn 
of electrical force for another, the total enei^ remaining 
unchanged. The Induction Coil changes curreate of low 
intensity to currents of higher intensity, but of diminiBhed 
quantity. The Dynamo changes magnetic force to electric 
currents, or rather transforms mechanical movement to elec- 
tric energy. The principle cao be applied in various ways. 
In using an electric current at points distant fiY>m the 
Dynamo danger to persons from accidentally touching the 
conducting wires, and to woodwork in producing fires, arises 
principally because of the high intensity of the current. 

Ganlard & Oibbs' Transformer reduces the current 
at the Dynamo and raises it where it is used. It consists of 
two series of V-shaped pieces of copper soldered together, 
placed one inside of the other, and carefully insulated. They 
are then connected as desired. If the area of the series 
through which the current passes is greater than the area of 
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the neighboring series insulated from it, a new current is in- 
duced of less intensity and greater quantity, and the reduc- 
tion can be any amount desired. On the other hand, if the 
series through which the current passes is less than the other, 
the intensity is increased. 

Zipemowski's Transformer consists of a ring made by a 
large number of turns of coarse wire wound as a circumfer- 
ence. A much larger amount of fine wire is wound around 
this at right angles to it. If a current traverses the inner 
coarse wire, it produces a current of greater intensity and less 
quantity in the outside fine wire. But if the current traverses 
the fine wire, a current of less intensity, but greater quantity, 
is produced in the inner coarse wire. 

Storage Batteries. These are transformers which change 
electrical force to chemical, and the reverse. The two most 
important forms are the Plants and the Brush. 

The Plants battery consists of two lead sheets of about 
twenty square feet each upon which a coating of litharge has 
been spread. They are then rolled up together and placed in 
dilute sulphuric acid. One sheet serves as a + pole, and the 
other as a — . A weak current of electricity sent through 
this turns the litharge to lead sulphate. When it has all 
been changed, connecting the poles by a conductor produces 
a current, while the lead sulphate returns to litharge. 

The Brush accumulator uses an alloy of lead and antimony 
in place of the sheet lead, with holes cut in it. A mixture of 
red lead and litharge is spread upon this and fills the holes. 
It is placed in dilute acid, and its action is the same as in the 
Plants battery. 

The several pairs of these accumulators can be coupled as 
desired, and quantity and intensity are determined as in other 
batteries. 

The difficulties found in using these batteries practically are 
the great weight of the accumulator and a loss of strength in 
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the lead plates. The lead soon becomes spongy, and crumbles 
from its own weight. So far, these difficulties have never 
been overcome. 

936. The Telephone. The current of the telephone is 
induced by a magnet and armature. The sound condensa- 
tion moves the armature of the instrument nearer the 
magnet. This induces a current of electricity in one di- 
rection around the wire, as the magnetism of the magnet 
is strengthened. This current traverses the entire circuit, 
so strengthening all the connected telephone magnets in 
the same way. Hence every armature will move towards 
the magnet precisely as the first. But when the rarefaction 
of the sound wave reaches the armature, it is drawn fur- 
ther from the magnet. This induces a current in the 
opposite direction and weakens all the magnets. The 
elasticity of all the other armatures moves them away. 
So the sound pulses produce electric currents which traverse 
the wire and are again transformed into sound at each 
telephone.* 

The Carbon Transmitter. This consists of a button of 

carbon and a diaphragm pressing upon it. The carbon is 
placed in the electric circuit, and a current of electricity is 
used. The waves of sound strike the diaphragm and vary 
the pressure upon the carbon, and this varies its conductivity. 
An ordinary Bell Telephone is used as a receiver. 

Hughes' Microphone. This involves the principle of light 
or imperfect contact. A piece of carbon is placed between 
two other pieces, and the current passes through the arrange- 
ment. The faintest sound is sufficient to vary the conduc- 
tivity and make an ordinary telephone used as a receiver, 
placed at a distance, respond. The sound 'produced by a 
fly walking across the box in which the carbons are placed 



IS a roar. 

• 



* For deaerlption, see Section 477.v 
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Section II. — Effects of Induced Cubrekts. 

927. The eflfects of the induced current diflfer but little 
from those of oth^r forms of electricity. With a good 
Induction Coil, all the experiments of Prictional Electric- 
ity can be performed, and the only difference noticed is 
that the intensity is rather less. But the quantity is much 
greater, and the instrument is independent of the state of 
the atmosphere. 

The special effects of these currents are Physiologiccd, 
Heating^ and Luminous. 

928. Physiological Effects. These can be shown by a 
powerful battery, or even by a Leyden Jar, as they all affect 
living bodies similarly, but the induced current shows them 
most readily. But a small coil must be employed, as the 
current from a large coil is dangerous. 

Electricity acts primarily upon the nerves. Hence all 
the nerves in the path of the current are stimulated to 
activity. Thus if a current be passed through the body 
from hand to hand, the muscles contract. If the current 
pa^es through the tongue, a peculiar taste is experienced. 
A current through the eye produces the sensation of a flash 
of light. 

A powerful current violently contracts, the muscles. 
Often this makes the entire system rigid, and if it is long 
continued, it is exceedingly painful. 

The electric current passes much more rapidly than the 
nervous force. Hence an interrupted current ceases before 
it is felt, and it is probable that death from lightning is 
painless. 

929« The use of weak induced cur- 
rents is quite common in medicine. 
For this purpose, the coil of Fig 340 
is used, in which the primary current 
traverses a small electro-magnet. This 
Fig. 840. draws down an armature, so inter- 
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mpting fhe current. A flfpring at once oazries the armature back, 
and again makes the current. This is repeated with great rapidity. 

These secondary currents are employed in cases of de- 
ficient nervous action, as paralysis, to stimulate the nerves. 
They are also used to stimulate glands whose action is de- 
ficient. 

The muscles do not cease to respond to the stimulus of 
currents immediately at death. Hence they are often used 
to resuscitate persons who have been asphyxiated, either by 
irrespirable gases, or by drowning. 

930. Heating EflJDCts. The heating effects of induced 
currents can be easily shown by attaching a small piece of 
wire, platinum, for example, to each pole of the Induction 
Coil. After a few sparks have passed, the — becomes in- 
tensely heated, and perhaps fuses. The + remains cool. 

A beautiful experiment is to moisten the surface of a 
large cork with sulphuric acid and thrust into it a cop- 
per wire connected with the — pole of the coil. Now 
bring the + pole near the — , but dipping into the sul- 
phuric acid. The heat at once evaporates the water from 
the acid, the acid then makes the cork a conductor, and a 
large surface of the cork appears illuminated. 

Electrical Furnace. A very important application of the 
induced current is the Electrical Furnace. It consists of two 
large electric-light carbons placed a short distance apart in a 
box of refractory fire-brick. Inside of this a layer of fine char- 
coal, previously washed with lime-water and dried, is packed. 
The lime coats each particle of charcoal and insulates it. The 
oxide to be reduced is mixed with charcoal and packed around 
the carbons. A current from a very powerfiil dynamo is then 
sent through the carbons, and the temperature soon becomes 
high enough to reduce the metal. The importance of this fur- 
nace is that it fiimishes a ready and economical means of sepa- 
rating metals which have previously been very costly. Alu- 
minum is the most important. This is readily reduced from its 
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oxide, though it would immediately unite with the air to form 
a new oxide. This is prevented by surrounding the mixture 
of charcoal and clay with copper. The aluminum then unites 
with the copper to make an alloy called aluminum bronze. 

931. Luminons Effects. The last experiment shows one 
luminous effect, connected with heat. 



k 



Aurora Tube. The following experiment uses 
the Guinea and Feather Tube, Fig. 341, and is one 
of the most instructive. The tube is screwed to 
the plate of the Air Pump, and the — pole of the 
Induction Coil attached to the plate, and the + to 
the top of the tube. Before exhaustion, no elec- 
tricity passes. As the exhaustion proceeds, a point 
is reached where light appears at the top of the 
tube. Soon after, flashes pass the whole length, 
the color depending upon the degree of exhaus- 
tion. If the flnger is placed at one side of tube 
induction takes place, and the light seems to touch 
that point. 



932. The above experiment indicates that 
the Aurora seen in northern regions is simply 
the passage of electricity through the upper 
regions of the air. The cause of the electric- 
Fig. 841. ity does not seem to be determined. Certain 
observations seem to indicate that it may be due to change? 
taking place in the Sun's atmosphere, perhaps 
to explosion of gases like hydrogen. 



933. Abbe Nollet's Olobe, Fig. 342, is a globe partly 
flUed with water. The globe is fltted into the top of 
a receiver air tight, and placed upon the plate of an 
Air Pump. The top is connected with the + pole and 
the plate with the — , and the receiver is exhausted. 
The durent then fills the whole with light. 

If quinine dissolved in water and rendered 
clear by a little sulphuric acid is substituted for 
the water, the Globe shows fluorescence. 





Fig. 542. 
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934. Geissler Tabes are tubes that have been exhausted 
so that only a trace of gas remains. They are then placed 
in tne path of the induced current. They glow with light 
whose color depends upon the kind of gas which they con- 
tain, and also to some extent upon the degree of their ex- 
haustion. They can be made in any desired shape, and 
their eflfect is very beautiful. Fig. 343 shows some of the 




Fig. 843. 

many forms.* The bulbs are often made of uranium glass, 
when they shine for a short time after the current ceases, 
as the glass becomes fluorescent with a pale green light. 
No. 2 is such a tube. Or the current may pass through a 
central tube which is surrounded with a liquid, as quinine 
dissolved in dilute sulphuric acid, which becomes fluores- 
cent by induction from the current. 

Many other beautiful experiments can be performed to 
show the light of induced currents. All, however, act 
upon the same principle as these. 

Telegraphing with Trains. Induced currents have been 
applied to send messages between moving cars and stations 
on the railroad. Two devices have been used for this pur- 

* These forms are kept by Messrs. K S. Bitchie d Sons, Boston, Mass. 
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pose : the Phelps system, which was first invented and applied, 
and the Edison. 

The Phelps system places an insulated wire, properly boxed, 
along the track, between the rails. A coil of wire is folded 
back and forth under the car and brought as near the insu- 
lated wire as possible. A current passing in the wire between 
the tracks induces a current in the coil and repeats all the 
signals in the same order. The coil of wire is connected 
with a very delicate relay, called a polarized relay because 
the armature through which the current passes moves back 
and forth between the poles of two permanent magnets. In 
this way, messages are sent from the station to the train. To 
send a message from the car to the station, the relay on the 
car is removed from the coil and a battery and key con- 
nected, while the relay is connected at the station. The 
current traversing the coil induces the current in the in- 
sulated wire. This system is used on some railroads in New 
York. 

The Edison system uses a car with a metal roof in place of 
the coil, and a telephone as a receiver. Then a current sent 
through a wire placed on the ordinary telegraph poles at the 
side of the track induces a corresponding current in the 
metal of the car, and the message is received. A message is 
sent from the car by a current from end to end of the roof, 
which induces the current in the wire. This system has 
been used on some of the railroads running west from 
Chicago, and it is found to operate readily when the dis- 
tance between the car and the inducing wire does not ex- 
ceed forty feet. 

935. Radiant Matter Tnbes. Though the exhaustion is 
carried to a high degree in the ordinary Geissler tubes, it 
is by no means complete. Sufficient gas remains to carry 
the electricity without being itself changed in any per- 
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ceptible way. But Prof. Crookes has demonstrated that 
when the exhaustion has been carried one step further, the 
remaining matter, when acted upon by the electric current, 
shows some peculiar properties which he explains as due 
to a change of state analogous to the change from a liquid 
to a gas. Whether his explanation be correct or not, the 
phenomena are beautiful illustrations of the effect of elec- 
trical action. 

To show these phenomena, tubes are exhausted so that 
the pressure of the gas remaining doesnot exceed one mil- 
lionth of an atmosphere. An electric current from an 
Induction Coil reaches poles placed inside the tube, and 
these, of platinum as usual, are made into thin plates so as 
to present a large surface in action. Now the molecules 
of the remaining gas seem to move away from the — 
pole towards the + in straight lines^ and they continue 
their course until stopped by the walls of the tube, or by 
some intervening obstruction. 

936. Matter moving in this way so affects the walls of the 
glass tube as to make them fluorescent, so that they shine 

with a pale mellow light. 
But if a plate of platinum 
be placed within, as in 
Fig. 344, that intercepts 
the molecules and so seems 
to cast a shadow. It is 
not really a shadow, how- 
ever, only a place where 
Fig. 844. the tube is not struck by 

the moving molecules. The manner of movement of these 
molecules does not differ from that of the molecules of 
gases, but as they do not strike other molecules frequently, 
they move further in a single direction. That is, the mean 
free path is increased. But when they have once reached 
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a solid, either their motion is stopped altogether, or the; 

are deprived of the power to emit light. 

Other substances besides glass can be rendered fluorescent 

I in a eimilar way. 

Thus if B mass of 

rubies be placed in 

front of such a — 

pole, Ree Fig. 345, 

they begin to shine 

with a peculiar soft 

radiance. Thelight 

moves away from 

^■»*»- them in straight 

lines, as from any other source. 

There is, however, a limit to the action of these moving 
molecules, for if the current is allowed to act continuously, 
after a time, the fluorescence ceases. Some substances 
regain the property of fluorescence after a period of rest; 
others do not, but after once being acted upon, ever after 
remain unaffected. This indicates a rearrangement of the 
molecules. 
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TABLE I.— SCALE OF HARDNESS. 



1 Talc. 

2 Rock Salt 
8 Calcspar. 

4 Fluorspar. 

5 Apatite. 



6 Feldspar. 

7 Quartz. 

8 Topaz. 

Corundum. 

10 Diamond. 



TABLE II. — COMPARATIVE TENACITY OF 

DIFFERENT WOODS. 

This table gires the breaking load, in pounds, that a square inch of 
section will hold. The English system of weights and measures 
is used, because most mechanics still employ that system. 



Ash 

Beech 

Fir, Pine.- 
Mahogany 
Oak 



5,000 
8.400 
8.600 
2,400 
8,100 



TABLE III.— TENACITY OF METALS. 

This table gives the weight in kilogrammes that a bar one millime- 
tre square can support without breaking. 



Cast Steel 

Iron 

Copper.-. 
Platinum. 

Silver 

Gk)ld 

Tin 

Lead 



SnddeaStareis 


Gradnal StrosB. 


83.8 


65.7 


65.1 


61.1 


41. 


40.3 


35. 


84.1 


29.6 


29. 


28.4 


27. 


3. 


2.4 


2.2 


1.3 



TABLE IV. — BAUME'S TABLE. 

LIQUIDS HEAVIER THAN WATER. 
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Is 



1.007 



1.013 



8 
4 
5 
6 

7 

8 

9 

10 



1.020 



1.027 



1.034 



1.041 
1.048 



1.056 



1.063 



1.070 



11 
12 
13 
14 
15 



16 
17 
18 
19 
20 






1.078 



1.085 



1.094 



1.101 



1.109 



1.118 



1.126 



1.134 



1.143 



1. 152 



21 
22 
23 
24 
25 
26 
27 
28 



OQO 



1.160 



29 
30 



1.169 



1.178 



1.188 



1.197 



1.206 



1.216 



1.225 



1.235 



31 
32 
33 
34 



35 



36 
37 



.Si? 

n 



1.256 



1.267 



1.277 



1.288 



1.299 



1.310 



1.321 



381.333 



1.2451 



39 



40 



1.345 



& 
41 

42 

43 

44 

45 

46 



47 



1.357 



48 
49 






1.369 



1.381 



1.395 



1.407 



1.420 



1.434 



1.448 



1.462 



1.476 



50 1. 490 



51 
52 
53 
54 
55 
56 



57 
58 
59 






I 






1.505 



1.520 



1.535 



1.551 



1.567 



1.583 



1.600 



1.617 



1.634 



160 1. 652 



61 
62 
63 
64 
65 
66 
67 
68 
69 
70 



.1 

1.670 
1.689 
1.708 
1.727 
1.747 
1.767 
1.788 
1.809 
1.831 
1.854 



LIQUIDS LIGHTER THAN WATER 



10 

11 

x2 
13 
14 
15 



1^ 

h 



1.000 
.993 
.986 
.980 
.973 
.967 






16 
17 
18 
19 
20 
21 



OQ 2J 



.960 
.954 
.948 
.942 
.936 
.980 



22 
23 
24 
25 
26 
27 



II 

oqS 



.924 
.918 
.913 
.907 
.901 
.896 



28 
29 
30 
31 
32 
33 



.S >• 

11 

OQO 

.890 
.885 
.880 
.874 
.869 
.864 



34 
35 
36 
87 
38 
39 



It 

OQO 



.859 
.854 
.849 
.844 
.839 
.834 



Q 

40 
41 
42 
48 
44 
45 



« hi 

8 

.830 
.825 
.820 
.816 
.811 
.807 



si 



46 
47 
48 
49 
50 



.802 
.798 
.794 
.789 

.785 



N* 
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TABLE v. — SPECIFIC GRAVITY OF IMPOR- 
TANT SUBSTANCES. 



Solidi. 


RoUdA. 


Uqnidfl. 


Anthracite Coal 


1.80 

.85 

2.10 

8.85 

.24 

19.86 
2.72 
7.79 
7.20 
1.92 

11.85 
8.15 
5.40 


Platinum 


21.58 

.86 

.97 

7.81 

4.95 

7.29 

.66 

7.19 


Naphtha 


.85 


Beech Wood... 


Potassium 


Olive Oil 


.91 


Ck>mixion Salt.. 


Sodium 


Sulphuric Acid 


1.84 


Copper 


Steel -. 


G«8e8. 








Cork 


Sulphur 


Mr 


1.000 








Gold 


Tin 


Ammonia 


.537 








Iceland Spar. . . 


Yellow Pine... 


Carbonic Anhydride.. - 


1.529 


Iron, Wrought - 


Zinc 


Chlorine 


8.440 








Iron, Cast 


LiqnidB. 


Hydrogen 


.069 


Ivory 


Alcohol 


.80 

1.06 

.72 


Marsh Gas 


.559 






Lead 


Blood 


Nitrogen 


.971 






Lime *. 


Ether 


Oxygen 


1.106 








Magnetite 


Hydroch. Acid. 


1.24 

18.59 

1.08 


SnlpkirouABkydride.. 


2.247 


Oak Wood ... 


.84 
1.77 


Mercury 












Phosphorus 


Milk 
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TABLE VI.— MELTING AND BOILING POINTS. 



Solidiiat 
Ordinary Tempomtiira. 


Malting 
Point. 


Bofling 
Point. 


Solids at 
OrdJnaiy Ttmperatnre. 


Malting 
Point. 


Boiling 
Point. 


Antimony 


450o 


White Wax 


65» 










Bismuth ,-__ 


264» 




Wood's Fusible Metal 


68° 








Butter . -- 


38» 


Zinc 


4220 










Cadmium . 


321 <» 




Liq^di at 
Ordinary Traipeiaton. 










Gold 


1250O 


lOOo 
290o 

440» 








Ice • 


0° 


Alcohol .. . 




78«» 










Iron 


1500O 


Bisulphide Carbon . 




46o 










Lead 


885« 


Bromine 




63» 










Phosphorus 


440 


Chloroform .. 




68« 








Potassium 


550 


Ether 




850 










Rose's Fusible Metal 


94» 


Mercurr. ..........'. 




850o 










Silver 


lOOQo 


Hydrated Ammonia . 


M «• S — ^ M 


540 






Sodium 


90» 


Hydrochloric Acid. . 




III0 










Spermaceti 


49» 


Nitric Acid 




I2O0 








Stearine 


6O0 


Oil Turpentine 




1570 










Sulphur 


1140 


Sulphuric Acid 




8250 










Tin 


228» 


Water 


Qo 


lOOo 
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TABLE Vn.— CONDUCTIVITY FOR HEAT AND 

ELECTRICITY. 

The conduction of heat is given to accord with the results obtained 
by Messrs. Wiedemann and Franz: in electricity, the results of 
Matthiessen are given. 



Name of the Metal. 



Aluminum 
Bismuth J. 

CJopper 

Gold 

Iron 

Lead 

Platinum.. 

Tin.. 

Silver 



Ck>ndactiylt7 


CoDdnctlYily 


tat Heat. 


for Eleotridt^. 


Silver —100. 


SUver— 100. 


66.5 


56.0 


1.8 


1.2 


73.6 


99.9 


53.2 


80.0 


11.9 


. 16.8 


8.5 


8.3 


8.4 


18.0 


14.5 


18.1 


100.0 


100.0 



TABLE VIII. — LENGTH OF THE WAVES OF 

COLORS. 



Name of the Oolor. 



Red..., 
Orange 
Yellow. 
Green.. 
Blue - . . 
Indigo . 
Violet .- 



Nomber 

of Waves Made 

EachSeoond. 



477,000 000,000,000 

506, 

535, 

577,- 

622, 

658. 

699, 



It 
<t 
t( 
It 
it 



Length 

of one Undalatifni 

in MiUimetres. 



.000650 
609 
576 
636 
497 
470 
442 



tt 

u 
tt 
tt 
u 
It 
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TABLE IX.— ELECTRICAL UNITS. 

All electrical measurements are now made in the C. G. S.* system. 
This table includes the principal units of the system and the units of 
electrical measure. 

Unit of Length — the centimetre. 

Unit of Maaa — the gramme. 

Unit of Time — the second. 

Unit of Velocity — ^the velocity of one centimetre per second. 

Unit of AeeeUration — the acceleration which imparts unit- velocity to 
a body in one second. 

Unit of Force (the Dyne) — the force which, acting on a gramme for 
one second, gives it a unit of velocity. 

Unit of Workj and of Energy {tiie Erg) — the work done by a Dyne 
working through one centimetre. 

Unit of Heat — the amount of heat required to raise one gramme of 
water from 0° to 1° Centigrade. 

Unit of Magnetic Strength — the force exerted by a pole to repel a sim- 
ilar magnetic pole one centimetre distant with the force of one dyne. 

Unit of Electrical Bmstance {the Ohm) — 10* C. G.S. units. It is the 
resistance offered to a current of electricity by a pure silver wire one 
millimetre in diameter and 48.61 metres long at 18.3° C. or 65*' F. 

Unit of Electro-motive Force {the Foft)— 10* C. G. S. units. It is .9268 
of the force of one Danieirs cell. 

Untt of Electric Oarrent {the -4mp^e)— 10"* C. G. S. units. The cur- 
rent produced by the difference of potential of a Volt through the re- 
sistance of an Ohm. 

Unit of Electrical Quantity {the Omtomft)— lO'* C. G. S. units. The 
quantity passing in a current of one Ampere in a second. 

Unit of Electrical (hpacity {the Farad)— 10'^ C. G. S. units. The 
quantity which with the electro-motive force of one Volt would pass 
through the resistance of one Ohm in one second. 



* Gentimetre-gramme-second. 



296 ' DECIMAL EXPONENT. 

Unit qf EUebric Power {the WaU)—10'' C. G. S. units. It is the power 
of an Ampere through the diflferenoe of potential of one Volt 

Unit i^MagnOie QmraUy {the Weber)— 10* C. G. S. units. 

DECIMAL EXPONENT. 

• A numher is sometimes expressed as the product of two &ctors, one 
of which is a multiple of 10. Thus 348000000 would be written 
348X10* ; or, 34.8X10^ : and the fraction .0000348 would be written 
348X10"^; or, .348X10~^* The poeUive exponent indicates how many 
places the decimal-point must be moved to the right, and the negaiwe 
exponent how many places to the l^ 
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Abbe NoUet's Globe 285 

Aberration, Chromatic 205 

Spherical 205 

Absorption hygrometer !157 

Achromatic lens. 206 

Acoustics . . 99 

Acoustic figures 126 

Action and reaction 35 

Adhesion 14 

to gases 16 

ofUquids...' 16 

to liquids 16 

between solids 14 

Agonic line 229 

Air, buoyancy of 88 

downward pressure of.. 86 

moisture of 155 

pump 84 

upward pressure of 86 

Alloys 144 

Apparatus, Savart's 115 

Arch 57 

Archimedes' principle 61 

Armature 227 

Artesian well 76 

Atmosphere 83 

constituents of 84 

Atom 1 

Attraction 11 

by magnets 225 

capillary 17 

molecular 12 

Attwood's machine 29 



Aurora 285 

Axes of lenses 201 

of mirrors 189 

Balance 26 

wheels, compensating. .142 

Balloons 89 

Barker's mill 79 

Barometers 90 

Aneroid 92 

cistern 91 

Fortin's 92 

variations of 92 

Battery, bichromate of pot- 
ash 262 

Bimsen*s 263 

DanieU's 261 

gravity 262 

Grove's ^2 

Leyden 244 

Smee's 261 

Baume's hydrometer 64 

Beam, deflection of 56 

fastened 56 1. 

form of 57 

ofUght 179 

supported at end 56 

Beats Ill 

Bellows 116 

hydrostatic 69 

Body defined 1 

falling 25 

falling, laws of 28 

luminous 179 
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INDEX. 



Body, non-lmulnoTis 179 

Boiler explosions 159 

steam 175 

Boiling point 149 

Bottle, specific gravity 64 

Boyle's law 93 

Brace 58 

Bramah's press 67 

Breastvheel 78 

Brittleness 10 

Bnnsen's photometer 187 

Buoyancy of air 88 

Bnmingglass 166 

Calibration 139 

Camera 210 

Candle flame 180 

power 186 

Capillarity 17 

Capillary attraction 17 

repulsion 18 

Capstan 48 

Cartesian diver 62 

Caustic curves 205 

Centre of gravity 23 

Centrifugal force 50 

Centripetal fordfe 50 

Chladni's law 127 

Chords 118 

Clocks 32 

Clothing, color of 167 

Clouds 157 

Coeflftcient of expansion 137 

Cohesion of liquids 14 

of solids 12 

Cold and hot 135 

Cold by expansion 152 

Color 11 

of bodies 200 

Colors, complementary 200 

mixed 200 

Compass, mariner's 230 

surveyor's 230 

Combustion 169 



Compressibility 8 

Concave mirrors .191 

images by 192 

Condenser .• 83 

electrical 242 

Liebig's 155 

Conduction 160 * 

Conductometer 160 

Conductors of electricity. . . 235 

of heat 160 

Convection 162 

Convex mirrors 193 

Cord 44 

Coulomb's torsion balance . . 13 

electric 237 

Couple 40 

Crane 48 

Critical angle 197 

Crushing strain 55 

Cryophorus 153 

Crystallization 145 

Cubic expansion 137 

Currents, local 261 

Daniell's hygrometer 156 

t)avy melting ice 174 

Declination, variation of 229 

Derrick 48 

Dew 158 

Diamond Jar 254 

Diapason 104, 117 

Direction, line of 25 

Dissolving views 211 

Distillation 154 

fractional 155 

Divergent rays 179 

Diving beU... 98 

Divisibility 7 

Doppler's principle 106 

Double touch 233 

Drummond light 181 

DuctiUty 10 

Earth, flattening of 51 

EbuUition 149 

4 



INDEX. 
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Ecceutrio .175 

Echo.: Ill 

multipUed 112 

Edison's Hght ' 272 

Effects of points 239 

Elasticity 8 

of flexure 14 

of torsion 13 

of traction 12 

Element 2 

Electric arc 271 

Ught .270 

Electrical chain 251 

chime 261 

induction 240 

insulation 236 

orrery 252 

machine, Holtz's 247 

machine, plate 246 

machine, Wimshur8t*s...248 

transformers 279 

wind 251 

Electricity 224 

detection of 236 

distribution 239 

effects of 250 

Friotional 234 

Induced 275 

kinds of 224 

laws of 237 

magnetization by 233 

polarity of 235 

position of 238 

production of 245 

quantity and intensity . . 260 

rate of moving 254 

Electro-magnet 266 

Electrometer 237 

Electro-motive force 260 

Electro-plating 274 

Electroscope, gold leaf 236 

Electrotyping 274 

Electrophoros 245 



Equilibrium 25 

of connected vessels 71 

of different liquids 72 

indifferent 26 

stable 26 

unstable 26 

Ether 179 

spoon 253 

Evaporation 148 

Exchanges, theory of 165 

Expansion 136 

coefficient of 137 

cubic 137 

linear 136 

of gases 81,137 

of liquids 137 

of solids 136 

superficial 137 

Experiments, Pascal's 90 

Torricelli's 90 

Explosions, boiler 159 

Extension 5 

Eye 215 

Fahrenheit's hydrometer... 64 

thermometer 140 

Far-sightedness 217 

Figures, Acoustic 126 

Lissajous' 128 

Films, colors in 218 

Fire engine 98 

syringe 170 

Firing powder 269 

Flexure, elasticity of 14 

Fluxes 144 

Foci, concAve lenses 204 

conjugate 202 

convex lenses 201 

Focus of mirrors 191 

Fog 157 

Force, constant 34 

defined 2 

external 34 

impulsive '^4 
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Force, moYing 85 

nnitof 33 

Forces, centrix>etal 50 

centrifug&l 53 

composittoii 3G 

parallel 39 

parallelogram of 37 

parallelopiped of 38 

resultant of 36 

resolution of 36 

nndolatorj 40 

Forcing pmnp 98 

Fountain 72 

Hero's 96 

Frames 57 

Franklin's heat exi)eriment.l67 

Freezing mixtures 147 

Fresnel's experiment 217 

Friction 14 

rolling 15 

sUding 15 

Frost 158 

Fulminating pane 243 

Fundamental note 118 

Furnace, electrical 284 

Fusion 143 

laws 143 

vitreous 143 

Gkillery, whispering 112 

Galvani's experiments 258 

Gkilvanometer, astatic 265 

Oestard's 264 

sine ^ 265 

Gas, defined 3 

Gases, expansibility of 81 

expansion of 137 

kinetic theory 82 

mechanics of 81 

osmose of 21 

specific gravity. . . : 65 

Geissler's tubes 286 

Glass, burning 166 

Gramme 5 



Gravitation 22 

Gravity, centre of [ 23 

Gridiron pendulum 141 

Ilaa 157 

Hardness 10 

Heat, absorption 166 

at different seasons 1C5 

chemical action 168 

conductors of 160 

dark 164 

defined 136 

effects of 136 

luminous 164 

motion of 160 

radiant, laws of 164 

reflection of 167 

sources of 168 

transmission of 166 

unit of 171 

Helix 266 

Hemispheres, Magdeburg... 87 

Hero's fountain 98 

Hopkins' tube Ill 

Horizontal 23 

Hot and Cold 135 

Hydraulics 74 

Hydraulic ram 77 

Hydrometer, Baume's 64 

Fahrenheit's 64 

Hydrogen pistol 253 

Hydrostatic bellows 69 

paradox 69 

Hydrostatics 66 

Hygrometers 155 

Hygrometrio state 155 

Hjrpothesis 4 

Iceland spar 221 

Ice machines 153 

Images by apertures 185 

by concave lenses 204 

by concave mirrors 192 

by convex lenses 202 

by convex mirrors 194 
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Images by plane mirrors 189 

Impact of elastio bodies 35 

of inelastic bodies 35 

Impenetrability 5 

Indestructibility 4 

Inclined plane 61 

Induction coil 277 

of the earth 233 

Inertia 6 

Instruments, mouth 124 

musical 120 

optical 206 

wind 123 

Insulating stool 251 

Interference of light. 217 

of sound 110 

Intervals 118 

JabloukofTs candle 272 

Jets 74 

downward 75 

side 75 

upward 76 

Jointed discharger 253 

Joule's apparatus 174 

Kaleidoscope 190 

Kinetic theory of gases 82 

Koenig*s manometric flames . 130 

Law, Physical 3 

Boyle's 93 

capillarity 18 

Chladni's 127 

of ebullition. 150 

of electricity 237 

of falling bodies 28 

of fusion 143 

of gravitation 22 

of pendulum ... 31 

of intensity of light 185 

of radiant heat 164 

of refraction 194 

of reflection 109 

of soimd 102 

of strings 120 



Lenses 201 

images by 202 

Leslie's experiment 152 

Levelling 73 

Level, spirit 73 

water 73 

Leyer 44 

classes of 44 

Leyden Jar 243 

Liebig's Condenser 156 

Light, interception of 188 

intensity of 183 

movement of 182 

recomposition of 199 

reflection of .188 

sources of 179 

imdulatory theory 217 

Lightning 256 

rod 257 

Line of direction 25 

Liquid defined 3 

Liquids 69 

compressibility of 60 

elasticity of 60 

expansion of 137 

general properties 6 

specific gravity 

Lissajous' figures 128 

Loops 121 

Luminous bodies 179 

pane 255 

Lyman's apparatus 42 

Machines moving in water. . 80 

magneto electric 278 

simple 44 

Magdeburg hemispheres 87 

Magic Lantern 211 

Magnetic battery 227 

curves 225 

equator 231 

induction 226 

poles 231 

needle 229 



i 
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Magnetic needle, yariations 

of 229 

Magnetism 224 

of earth 268 

Magnets, artificial 225 

broken 226 

natural 224 

poles of 225 

Magnetization, methods of . .232 

MalleabiUty 10 

Manometers 94 

compressed air 94 

open aiv 94 

Marcet's globe 151 

Mariotte'stube 93 

Materials, strength of 54 

Matter 1 

properties of 4 

states of : 2 

Mechanics 43 

of gases 81 

of liquids .'59 

of solids 43 

Membranes, vibrating 128 

Mercurial pendulum 142 

yetre : 5 

Microscopes 208 

Mirage 197 

Mirrors 189 

axes of 189 

concave 191 

concave, images by 192 

convex 193 

convex, images by 194 

plane, images by 189 

Mixed colors 200 

Mobility 9 

Molecule 1 

Morse's telegraph 266 

Motion, absolute 9 

relative 9 

Mouth instruments 124 

Musical scale 118 



Musical sounds 114 

sounds, intensity 114 

Music, theory 119 

Near sightedness 216 

Needle, astatic 232 

dipping 231 

Newton's disc 200 

first Law 6 

Rings 219 

Nichol's prism 222 

Nodes 121 

Normal tuning-fork 118 

Note, fundamental 118 

Odor 11 

Opera glass 208 

Optical axis 221 

Optics 179 

Optical instruments 206 

Organ pipes 125 

Oscillation, centre of 31 

Osmose .' 20 

of gases 21 

Overshot wheel 78 

Paddle wheel 80 

Papin's digester 152 

Parachute 89 

Parallel forces 39 

Parallelogram of forces 37 

Parallelepiped of forces 38 

Pascal's experiments 90 

law... 66 

Pencil of light 179 

Pendulum 31 

compensating 141 

compound 31 

electric 242 

laws 31 

simple 31 

Penumbra 184 

Phenomenon 3 

Phonograph 133 

Phosphorescence 181 

Phosphorous, light of 181 
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Photometer, Bnnsen's 187 

Rumford's 186 

Wheatstone's 187 

Photometry 186 

Photophone 133 

Physics, defined 1 

Piano 123 

Piezometer 60 

Pipes, organ 125 

Pitch 114 

Plane, inclined , 52 

mirrors 189 

Plates, vibrations of 126 

Plumb line. 22 

Polarization 221 

Poles of Magnets 225 

Pores 7 

Porosity 7 

Press, Bramah's 67 

Prism 198 

displacement by 198 

Propeller, screw 80 

Properties, speclflo 9 

universal 4 

Proof plane 236 

Psychrometer 156 

Pulley 46 

fixed 47 

movable 47 

Pulse glass 151 

Pump, air.. 84 

forcing 98 

suction 97 

Radiation 163 

variations of 166 

in vacuum 168 

Rain 157 

bow 214 

bow secondary 215 

Ray 163 and 179 

Reaction 36 

Reed instruments 124 

Refleotion, laws 188 



Reflection, irregular 188 

regular 188 

total 196 

Refraction 194 

of air ...196 

double 220 

effects 195 

index 195 

laws 194 

parallel faces 198 

Relay 267 

Repulsion, capillary 18 

Resistance to strain 56 

Reservoirs 70 

Resonance 113 

Resultant 36 

Roemer's discovery 182 

Rumford's photometer 186 

Safety, factor of 57 

Savart's apparatus 104 

toothed wheel 115 

Scale, musical 118 

Screw 52 

propellor 80 

Seasons, heat of 165 

Semicircular rings 266 

Semitones 119 

Shadows 183 

Simple circuit 259 

Single touch 232 

Siphon 97 

Snell's apparatus 42 

Snow 157 

Solar microscope 211 

Solid defined 2 

Solidification 144 

Solution .....144 

Sonometer 120 

Sound, defined 99 

intensity 102 

interference 110 

limits of.... 115 

musical 114 
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Sound, reflection 109 

refraction 108 

velocity 105 

Specific gravity, determined 61 

of gases 65 

of Uquids 63 

of soUds 63 

Specific heat 171 

Spectroscope 212 

Spectrum 199 

colors of 199 

dark lines 213 

Spheroidal condition 158 

Spiral tube 254 

Sprit level 73 

Springs 76 

intermittent 97 

Steam boiler 175 

engine 173 

gauge 95 

Still 154 

Stoves, electrical... 270 

Strain, crushing 55 

resistance to 55 

transverse 56 

Strength of materials 54 

Strut 58 

Sublimation 148 

Suction pump 97 

Superficial expansion 138 

Surface defined 5 

Syren 116 

Syringe, fire 170 

Tackle 47 

Taste 11 

Telephone 132 

Telescopes 206 

Temperature 135 

measure of 138 

Tempering 14 

musical 119 

Tenacity 10 

Terrestrial gravitation . . 22 



Theory defined 3 

kinetic 82 

of magnetism 228 

of music 119 

Thermo-electric pile 263 

Thermometer, filling 139 

graduation 140 

limits 141 

scales 140 

Thunder 258 

storm 255 

Tie rods 142 

Timbre 114 

Tones 119 

Torricelli's experiments 90 

Torsion, elasticity of 13 

Traction, elasticity of 12 

Transparency 11 

Transverse strain 56 

Trumpets 113 

hearing 113 

speaking 113 

Tubes, speaking 113 

Tyndall's 101 

Turbine water wheel 78 

Umbra 183 

Undereihot wheel 77 

Undulatory forces 40 

Universal discharger 252 

Vacuum fountain 88 

Vaporization 147 

in vacnimi 149 

Vein, contracted 74 

Vertical line 22 

Vibrations, electrical 41 

longitudinal 41 

of membranes 128 

of plates 126 

recording of 117 

transverse 41 

Viol 123 

Voltaic electricity 258 

Volta's. experiments 258 
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Volume, defined 5 

change of 146 

Water, decomposed . .273 

freezing by evaporation . 152 

level 73 

maximum density 146 

supply 72 

wheels 77 

Waves, liquid 41 

Wedge 52 

Wells 76 



Wheatstone's photometer. . .187 

Wheel and axle 48 

breast 78 

overshot 78 

Savart's 115 

turbine 78 

undershot 77 

Whispering gallery 112 

Wind instruments 123 

Yard 6 

Zenith 22 
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